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INTRODUCTION
flae c o lo r  o f  th e  f la s h  and sk in  o f  th e  ch ick  an and yolk 
o f  th a  agg i s ,  and has baan fo r  ©any y e a rs , o f  co n s id e rab le  
economic im portance to  tha  p o u ltry  in d u s try . Tha fo llo w in g  
q u o ta tio n  from Palmer (35) i l l u s t r a t e s  the  economic impor­
ta n ce  o f  th e se  f a c to r s :
The p ig m en ta tio n  o f th e  yo lk  o f th e  egg and o f 
th e  f la s h  (body f a t )  i s  a su b je c t o f  much p r a c t i c a l  
Im portance in  th e  egg and p o u ltry  in d u s try  o f  t h i s  
co u n try . The consumer demands h ig h ly  co lo red  yo lks 
in  fancy eggs th roughout th e  y e a r, and th e  eggs 
w ith  p a le  co lo red  y o lk s , so f re q u e n tly  found on th e  
m arket d u rin g  th e  w in te r m onths, a re  th e  o b je c t o f 
such  com plain t, p a r t i c u la r ly  in  c i t i e s .  S im ila r ly , 
in  some s e c tio n s  o f  th e  coun try  th e  p o u ltry  tr a d e  
demands a h ig h ly  co lo red  f le s h ,  fo r  th e  fancy 
t r a d e ,  however, th e  demand i s  fo r  a f l e s h  w ith  th e  
l e a s t  c o lo r  p o s s ib le .
The con tinued  economic im portance o f pigm ent in  th e  yo lk  
o f  th e  egg and th e  change in  m arket demands between 1915 &**d 
1933 i s  i l l u s t r a t e d  by th e  fo llo w in g  s ta tem en t from Henderson 
and W lllcke (2 1 ):
I n te r e s t  i n  th e  f a c to r s  which in f lu e n c e  th e  
c o lo r  o f  th e  yolk  o f hens* eggs i s  b e in g  re v iv e d .
There a re  a t  l e a s t  two rea so n s  fo r  rev iv e d  i n t e r e s t  
in  t h i s  problem . One i s  th e  i l l o g i c a l  d isc r im ­
in a t io n  In  c e r t a in  m arkets a g a in s t  r i c h  yellow  
y o lk s , and th e  o th e r  i s ,  th e  c lo se  a s s o c ia t io n  be­
tween v itam in  A and yellow  p igm ent-producing  feeds*
According to  Benjamin and P ie rc e  (4) th e  sk in  c o lo r  in
m arket ch ickens v a r ie s  from w hite through cream to  golden
yellow  and to  a d ark  brow nish yellow . These au th o rs  s ta te d
th a t  th e  w h ite , cream, o r golden  yellow  c o lo rs  a re  p re fe r re d
by d is c r im in a tin g  consumers and th a t  th e  p re fe re n c e  i s  fo r
smooth yellow  shanks. That the  p o u ltry  p roducer ex p erien ces
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c o n s id e ra b le  d i f f i c u l t y  in  p roducing  th e  m arket p re fe r re d  
type o f ch icken I s  evidenced by th e  fo llo w in g  s ta tem en t from 
Hammond and Har shew (16) .
I t  i s  common knowledge among p ro d u cers th a t  
th e re  i s  a marked p re fe re n c e  fo r  yellow  shanks 
and sk in  In  b r o i l e r s  on th e  Hew York l i v e  p o u ltry  
m arket.
The re s e a rc h  re p o r te d  in  t h i s  paper was under­
tak en  because th e  [B aited  S tategJ Department o f 
A g ric u ltu re  had re c e iv e d  many re q u e s ts  fo r  I n fo r ­
m ation about means o f  c o n t ro l l in g  th e  c o lo r  o f th e  
shanks and sk in s  o f th e  y e llo w -sk in  b re e d s . Most 
o f  th e se  in q u i r ie s  were fo r  In fo rm atio n  on how to  
In c re a s e  th e  p ig m en ta tio n  o f  th e  shanks and sk in .
During th e  cou rse  o f  I n v e s t ig a t io n s  a t  th e  U n iv e rs ity  o f  
M aryland, i t  was observed th a t  ch ick s r e c e iv in g  an e x p e ri­
m ental d ie t  composed m ainly o f d e x tr in lx e d  s ta rc h  and d r ie d  
skimmilk supplem ented w ith  th re e  p e rc e n t o f  dehydrated  
g ra s s ,  had shanks o f a much deeper yellow  c o lo r  than  d id  
ch ick s  o f  s im ila r  b reed in g  fed  a  p r a c t i c a l  b r o i l e r  mash 
c o n ta in in g  th e  same amount o f dehydrated  g r a s s .  In search  o f  
a way to  measure the  d if fe re n c e  i t  was dec id ed  to  use th e  
y c lk -c o lo r - ro to r  designed  by Helman and Carver ( IS ) .  The 
ch ick s  re c e iv in g  th e  experim ental d i e t  had an average sco re  
o f  It? .1 w hile th e  ch ick s r e c e iv in g  th e  p r a c t i c a l  d i e t  had an 
average sco re  o f  o n ly  7*2. This f a c t  seemed h ig h ly  I r r e g u la r  
in  view  o f  th e  f a c t  th a t  th e  l a t t e r  d i e t  co n ta in ed  a h igh  
p ro p o rtio n  o f  yellow  corn whereas in  th e  form er d i e t  the  on ly  
source o f pigm ent was dehydrated  g ra s s .
I t  has been g e n e ra lly  assumed th a t  p ig m en ta tio n  o f 
shanks and body f a t  i s  p ro p o rtio n a l to  th e  amount o f  pigm ent 
in  th e  fe e d . In  th e  above m entioned com parison, th i s  a s -
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sum ption was o b v io u sly  u n ten ab le  and th e  observed  f a c t s  le d  
to  th e  h y p o th e s is  th a t  some component, o r com bination o f com­
p o n en ts , in  r a t io n s  composed o f common f e e d s tu f f s  were in ­
h ib i t i n g  th e  d e p o s it io n  o f  yellow  pigm ent in  th e  shanks o f 
young b i r d s .  Tha experim ents re p o r te d  her® were designed  to  
t e s t  t h i s  h y p o th e s is .
n m i m  o f  t h s  l i t s r a t u r s
C la s s i f ic a t io n  and term ino logy  o f  th e  c a ro te n o ld  p ig ­
m ents. Bogart (7) d e f in e s  a ca ro te n o ld  as a n itro g e n  f re e  
polyene pigm ent, c o n s is t in g  wholly o r c h ie f ly  o f  a long  
a c y c lic  cha in  o f carbon atoms u n ite d  in  an u n in te r ru p te d  
sequence o f con jugated  double bonds, which system o f  conju­
g a tio n s  fu n c tio n  as th e  chrom ophore. The chem ical r e a c t io n s ,  
th e  sou rces and th e  chem ical and p h y s ic a l methods o f in v e s­
t ig a t io n  o f  the  ca ro te n o ld s  have been review ed by Palmer ( 36) 
and more r e c e n t ly  by S tra in  ( 56) and P e te rso n , Hughes and 
Payne (^ 1 ) . Palmer (37) p re se n te d  a d is c u s s io n  o f  th e  chem­
i c a l  and b io lo g ic a l  nom enclature fo r  th e  c a ro te n o ld s . I t  
i s  no t w ith in  th e  scope o f t h i s  th e s i s  to  f u l l y  discus©  th e se  
phases o f  the  c a ro te n o ld s  and fo r  more d e ta i l e d  in fo rm atio n  
th e  re a d e r  i s  r e f e r r e d  to  th e  above m entioned p ap e rs . 
According to P e te rso n , Hughes and Payne (U l):
The c a ro te n o ld s  may be d iv id ed  in to  two c la s s e s ,  
acco rd in g  to  t h e i r  com position : the  hydrocarbons 
(c a ro te n e , lycopene, e t c . ,  which a re  r e a d i ly
d is s o lv e d  by e th e r  or petro leum  e th e r  b u t a re  q u i te  
in s o lu b le  in  aqueous a lc o h o l, and th e  f a r  la rg e r  
c la s s  o f  oxygen -co n ta in in g  p igm ents, th e  c a ro ts n o ls  
(x a n th o p h y lls ) , which u s u a lly  co n ta in  a t  l e a s t  two 
hydroxyl g roups. L ike c a ro te n e , p r a c t i c a l ly  a l l  
c a ro te n o ld  pigm ents have kO carbon atom s.
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the fo llow in g  nomenclature o f  xanthophylls, as used 
by s tr a in  ( 56) ,
The fo llow in g  system o f  nomenclature has proved 
to  be the most u se fu l as a guide during the in ves­
t ig a t io n  o f  the le a f  xanthophylls reported In th is  
p u b lica tio n . Hydrocarbons which are e s s e n t ia l ly  
a lip h a t ic  and which owe th e ir  co lor  to a conjugated  
system o f  double bonds are regarded as carotenes 
regard less o f  the number o f carbon atoms which they 
con ta in . Hydroxy, oxo, and hydroxy-oxo d er iv a tiv e s  
o f the carotenes art named xanthophylls. Carboxy 
d er iv a tiv e s  o f  carotenes are carotenold  a c id s . A ll 
th ese  pigments and e s te r s  o f  xanthophylls and o f  
carotenold  acids are carotenolds.
seemed to  be the most s a t is fa c to r y  for use in th is  th e s is  
and has been used throughout with the exception  o f  references  
to  the l i t e r a tu r e , in  which case the exact terms o f  the 
author have been used.
S tra in  ( 56) tabu lated  13 carotenes, 30 xanthophylls,
3 xanthophyll e s te r s  and 7 carotenold acid s that had been 
is o la te d  from p la n ts . Of the caroten es, th ree , alpha- 
carotene, beta-carotene and gamma carotene and one xantho­
p h y ll ,  eryptoxanthin , were l i s t e d  as vitam in A -active by 
P eterson , Hughes and Payne (kl )  *
That the xanthophylls comprise the major portion  o f  the 
n atural yellow  pigment o f the t is su e s  o f the chicken has been 
amply demonstrated. Of h is to r ic a l  in te r e s t  Is  the report o f  
Thudicum ( 5$) on the d iscovery o f  lu te ln e  which he found in  
the yolks o f the eggs. Sehunck { 52) reported the xanthophyll 
o f egg yolk to be id e n t ic a l with that o f  le a v e s . Palmer ( 35) 
f i r s t  demonstrated the p h y sio lo g ica l r e la t io n  o f the yellow  
pigments o f the t is s u e  o f the chicken to that o f  the caro­
tene and xanthophyll o f  p la n ts .
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The work re p o r te d  h e re in  i s  undoubtedly  concerned w ith  
the  x a n th o p h y lls , a lth o u g h  f ra c t io n a t io n s  o f  the pigment o f  
the  shank sk in  were n o t made and have n o t been re p o r te d  in  
the  l i t e r a t u r e .  The only  r e p o r t  o f  the chem ical n a tu re  o f  
th e  yellow  pigment o f the  shank Is  th a t  o f Palm er and 
Kempster ( 39) who s ta te d  th a t :
th e  pigm ent In the ep iderm is (r e fe r r in g  to  
h i s to lo g ic a l  s e c t io n s  o f  the  fo o t s f i n l  was iden ­
t i f i e d  as c a ro t ln o ld  by i t s  ease  o f  o x id a tio n  and 
d e c o lo r lz a t io n  w ith  FeCl and hydrogen p ero x id e .
O aro teno td  pigm ents o f the  t i s s u e s  o f  the ch icken . 
M attikow ( 3^) p re se n te d  a com plete and com prehensive rev iew  
o f th e  l i t e r a t u r e  on the c o lo rin g  m a tte r  o f egg y o lk . Many 
o f th e  re fe re n c e s  c i t e d  by th i s  au th o r a re  p re se n ted  in  
th i s  rev iew , n o t o f  n e c e s s ity  as they were com pletely  and 
tho rough ly  covered , b u t as o f  h i s t o r i c a l  i n t e r e s t  and to  
p re s e n t  in  ch ro n o lo g ica l sequence the more im portan t f in d in g s  
on th i s  s u b je c t .
Thu&icu® ( 5^) f i r s t  c r y s t a l l i s e d  c a ro te n o ld  pigm ents 
and re p o r te d  t h e i r  p resence  In  the  yolk o f eggs. He ass ig n ed  
the  name lu te ln e  to  th e se  pigm ents and showed th a t  they  were 
s o lu b le  in  a lc o h o l, e th e r  and ch lo roform . 3chunk ( 52) r e ­
p o r te d  th a t  th e  pigm ent o f egg yolk  was I d e n t ic a l  w ith  th a t  
o f l e a f  x an th o p h y ll. ^ l l l s t a t t e r  and E schar ( 6l )  were 
s u c c e s s fu l  in  o b ta in in g  a c r y s ta l l i n e  pigm ent fro® egg y o lk , 
w hich, in  most o f  i t s  p r o p e r t ie s ,  co in c id ed  w ith  l e a f  xan­
th o p h y ll bu t they  a ls o  suggested  th e  p resen ce  o f c a ro te n e . 
Palm er (35) confirm ed the  f in d in g s  o f  W ills  t a t t e r  and S scher 
( 62) and a lso  re p o r te d  th a t  the  n a tu ra l  pigm ents c h a ra c te r -
6
ix in g  the  egg yo lk , body f a t  and blood serum o f the  hen were 
I d e n t ic a l  w ith  the ca ro ten e  and x an th o p h y ll pigm ents o f 
p la n ts ,  w ith  the 1 s t t e r  c la s s  o f pigm ents p re s e n t in  by f a r  
the  g r e a te r  p ro p o rtio n . Kuhn and Brookmann (27) confirm ed 
the p resen ce  o f ca ro ten e  in  the egg yo lk .
Kuhn, W in te rs te in  and L ederer (31) re p o r te d  th a t  the  
x an th o p h y ll o f egg yolk  was no t a s in g le  pigm ent bu t con­
s i s te d  fo r  the most p a r t  o f l u t e in  and an o th e r pigm ent zee- 
x a n th ln . S illa®  and H eilbo rn  (15) re p o r te d  th e  f i r s t  
chrom atographic s tu d ie s  o f  th e  p e tro leu m -p h asic  ca ro ten o ld s  
o f egg yo lk  and e s ta b l i s h e d  the f a c t  th a t  th e  ca ro ten e  
f r a c t io n  was composed o f more than  one p igm ent, and th a t ,  
c ry p to x a n th in , © petro leum  so lu b le  pigment o f yellow  co rn , 
Kuhn and {Jrundmana ( 2$; 29}, c o n s t i tu te d  the prim ary pigm ent 
o f the p e tro leu m -p h asic  c a ro te n o ld s . The most re c e n t and 
com prehensive work on the chrom atographic s e p a ra tio n  and 
id e n t i f i c a t io n  o f c a ro te n o ld s  from egg yolk  was re p o r te d  by 
I t r a i n  {56) .  This au th o r i s o la te d  l u t e i n ,  seax& nthln and 
c ry p to x an th in  from th e  yo lks o f  eggs from hens fed  a d i e t  
composed of m eat, corn and sm all q u a n t i t ie s  o f b a r le y  seed­
l in g s .  When the  d i e t  c o n s is te d  o f w heat, bran  end m ilk w ith  
20 p e rc e n t o f f re sh  a l f a l f a ,  or an e q u iv a le n t q u a n tity  o f 
f r e s h ly  d r ie d  a l f a l f a ,  the  egg yo lk  co n ta in ed  minute q u a n ti­
t i e s  o f  neoxanth in  and f la v o x a n th in - l ik e  compounds and con­
s id e ra b le  q u a n t i t ie s  o f  l s o lu te in ,  zeaxan th ln  and cryp toxan­
th in .  Even though th e se  hens re c e iv e d  la rg e  q u a n t i t ie s  o f 
ca ro ten e  only tra c e s  were found in  the egg. The ca ro ten e  was
composed p r in c ip a l ly  o f b e ta -c a ro te n e  w ith  tr a c e s  o f  a lp h a -
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c a ro te n e .
P e te rso n , Hughes and Payne (41) s tu d ie d  the petro leum - 
p h as ic  c a ro te n o ld s  o f egg yolk  and the in f lu e n c e  o f various 
components o f the  d i e t  upon the  pigm ents of th i s  f r a c t io n .  
When the  so le  source o f  ca ro ten o ld s  in  th e  d i e t  was yellow  
co m , the ab so rp tio n  maxima were a t  44*50 and 475$ Angstrom 
u n i ts  and th e  minimum a t  4675 Angstrom u n i t s .  When green  
feed  su p p lie d  th e  c a ro te n o ld s , the  maxima were a t  4500 and 
*750 and the  minimum a t  4600. Chrom atographic s tu d ie s ,  
u s in g  the  S tra in  ( 56) column, were conducted and when green 
feed  was the source  o f c a ro ten o ld s  about SO p e rc e n t o f  the 
pigm ent passed  through the  column r e a d i ly ,  w hile  20 p e rc e n t 
was more s tro n g ly  adso rbed . When corn wes the so le  source 
o f c a ro te n o ld s  55 p e rc e n t was washed through r e a d i ly  w hile  
the  m iddle zone, 20 p e rc e n t, and th e  top  sons, 25 p e rc e n t, 
had to  be removed by e lu t io n  w ith  a lc o h o l. The mala f r a c ­
t io n  In a l l  c a s ts  had ab so rp tio n  maxima id e n t ic a l  w ith  the 
o r ig in a l  s o lu t io n  and when, mixed w ith  ca ro ten e  and poured 
through a column could  n o t be distinguished from I t ,  I . e . ,  
b e ta -c a ro te n e  and th e  egg pigm ent came down as a s in g le  band. 
In th e  ease  of eggs o b ta in ed  when corn a lone was th e  only 
source o f c a ro ten o ld  pigm ent, th e se  au th o rs  assumed th a t  the 
main f r a c t io n  was I d e n t ic a l  w ith  m odified  b e ta -c a ro te n e  o f 
corn; the  m iddle f r a c t io n ,  c ry p to x an th in  s im ila r ly  m od ified , 
and the  top  f r a c t io n  o x id is e d  c a ro te n e s . In  the case o f the  
eggs o b ta in ed  on g reen  fe e d s , as chrom atographic s tu d ie s  o f 
the  g reen  feed  had shown the  p e tro leu m -p h asic  f r a c t io n s  to
a
eons1s t  o f  pure b e ta -c a ro te n e , th e  ab so rp tio n  curve o f the  
matn f r a c t io n  was n o t so e a s i ly  ex p la in e d . They suggested  
th a t  e i t h e r  the  s l i g h t l y  a c id  d ig e s t iv e  p ro cesses  o f the 
hen a re  re sp o n s ib le  fo r  the conversion  o f the  In g ested  b e ta -  
c a ro te n e , o r perhaps the  hen has a more s e le c t iv e  mechanism 
f o r  th e  s e p a ra tio n  o f th ese  pigm ents than  has been p o s s ib le  
to  d ev ise  in  th e  la b o ra to ry , th a t  i s  to  say , s in c e  the  fowl 
a t  b e s t  d e p o s its  on ly  a very  sm all f r a c t io n  o f  the  petro leum - 
p h a s ic  c a ro ten o ld s  in g e s te d , I t  i s  p o s s ib le  th a t  most g reen  
feeds do co n ta in  a sm all amount o f  th i s  m odified b e ta -  
c a ro te n e , which, a lth o u g h  I t  cannot be se p a ra te d  from b e ta -  
c a ro te n e  by the  u su a l ab so rp tio n  te c h n iq u e s , can be s e le c ­
t iv e ly  u t i l i s e d  by the  fow l. As evidence they  c i te d  t h e i r  
I n a b i l i t y  to  In tro d u ce  b e ta -c a ro te n e  In to  the egg by feed in g .
The l i t e r a t u r e  co n ta in s  very  l i t t l e  In fo rm ation  on th e  
q u a n t i ta t iv e  r e l a t io n  o f  th ese  pigm ents in  egg y o lk . P e te rso n , 
Hughes and Payne (41) s ta te d  th a t  the x an th o p h y ll co n ten t o f 
egg yo lk  was approx im ately  te n  tim es the  c a ro ten e  c o n te n t.
Kuhn and Saakula (30) re p o r te d  the  ab so rp tio n  curve o f the  
pigm ent o f egg yolk  to  be id e n t ic a l  w ith  th a t  o f  a m ixture 
o f  32 p e rc e n t seax an th in  and 66 p e rcen t l u t e i n ,  d illam  
and H ellb ro n  ( 15) re p o r te d  th a t  yo lks o f eggs produced by 
hens on a heavy corn d i e t  co n ta in ed  two m illig ram s o f  ca ro ­
te n o ld s  p e r  100 grams o f which 0.19 m illig ram s was c ry p to ­
x a n th in  and 0.015 m illig ram s c a ro te n e . When the  d ie t  
co n ta in e d  la rg e  q u a n t i t ie s  o f  g ra s s ,  the t o t a l  ca ro ten o ld s  
in c re a se d  to  4 .2  m illig ram s p e r  100 grams o f yo lk  o f which
0 .1 4  m illig ram s was c ry p to x a n th in  and 0.02  m illig ram s was
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c a ro te n e .
The ca ro ten o ld  pigm ents o f  the  eye have rece iv ed  some 
a t t e n t io n ,  due m ostly to  the f&ct th a t  c e r t a in  c h a r a c te r i s t i c  
changes in  the pigm ents o f th ese  tissue®  a re  a symptom o f  the 
fow l-leucosi®  complex. Wald and fcussmsn ( 59) c r y s t a l l i s e d  
th re e  c a ro te n o ld s , p o sse ss in g  the  p ro p e r t ie s  o f a s ta c e n e , xan­
th o p h y ll and an u n id e n t i f ie d  hydrocarbon from the  cones of 
the  ch icken  r e t i n a  and concluded th a t  the  astaoene and p o s s i­
b ly  th e  hydrocarbon were sy n th e s iz e d  by the  ch icken . N e ith e r  
o f  th e se  two compounds were id e n t i f i e d  in  egg y o lk , l i v e r  o r 
blood serum o f th e  ch icken . lo l l a n d e r  and Owen (2 2 ) , b as in g  
t h e i r  co n c lu sio n s s o le ly  on s o lu b i l i t y  t e s t s  concluded th a t  
th e  yellow  pigment of th e  chicken i r i s  was c a ro te n o ld  in  
n a tu re  and th a t  a t  l e a s t  two pigm ents were p r e s e n t ,  p robab ly  
x an th o p h y ll and c a ro te n e .
In  c o n tra s t  to  the  e f f o r t s  to  I s o la te  the  v a rio u s  p ig ­
ment® o f the egg y o lk , no reference®  to  a ttem p ted  f r a c t io n ­
iz a t io n  o f the c a ro te n o ld  pigm ents o f  th e  shank sk in  o f  the  
ch icken  appear In  th e  l i t e r a t u r e .  F a ls e r  and kem pster ( 39) 
p re s e n t the only  chem ical evidence th a t  the  pigment o f the  
shank i s  ca ro ten o ld  in  nature. That the  c a ro te n o ld  pigm ent 
o f  the shank covering  i s  analagoue to th a t  o f the  yolk  i s  
assumed and the fo llo w in g  arguments a re  o f fe re d  in  su p p o rt 
o f th i s  assum ption:
1 . Palm er and le a p s te r  (3$) re p o r te d  th a t  they  re a re d  
two g e n e ra tio n s  of chicken® on c a ro te n o ld - f re e  d ie ts  w ith 
every  evidence o f  be ing  normal excep t f o r  th e  absence o f the
10
natural yellow  pigmentation o f  th e  sk in .
2 . L a te r  Palmer and I  amps t e r  (ko)  r e p o r te d  th a t  caro­
te n e  l a  th e  form o f  Tory h ig h ly  co lo red  b u t t e r ,  from th e  
co lostrum  m ilk  o f  a  Je rse y  cow, was w ithou t e f f e c t  l a  c o lo r­
in g  th e  r is ib le  sk in  p a r t s ,  th e  s u b s t i tu t io n  o f  yellow  corn  
fo r  w hite  co rn , in  a  r a t io n  th a t  had been used  to  d e p le te  
White Leghorn co c k e re ls  o f  a l l  yellow  pigm ent in  th a  v i s ib le  
sk in  p a r t s ,  r e s u l te d  in  im m ediate d e p o s itio n  o f  yellow  c o lo r  
in  th o se  p a r t s .  They re p o r te d  th a t  th e  beak, eye r in g s ,  ea r 
lo b e s  and shanks o f  one b ird  were d i s t i n c t l y  yellow , when 
compared w ith  c o n tro l  b i r d s ,  a f t e r  on ly  12 ho u rs on t h i s  
d i e t .  In  two o th e r  b i r d s ,  xan th o p h y ll became q u i te  n o tic e ­
a b le  In  th e  beak and shanks a f t e r  5 o r  6 d ay s . One b ird  was 
co n tin u ed  on t h i s  d ie ta r y  regim e fo r  b2 d ay s , a t  which tim e 
a l l  v i s i b l e  sk in  p a r t s  were reported as  deep yellow  and th e  
f e a th e r s  a s  e x h ib it in g  a smooth, creamy appearance .
J .  The f a c t  th a t  th e  p ig m en ta tio n  o f  th e  shank© fade 
when th e  d ie ta r y  source  o f  th e  pigm ent In  th e s e  t i s s u e s  i s  
removed by e x c re tio n  th rough  th e  egg yolk in  hens in  p ro ­
d u c tio n , as  f i r s t  r e p o r te d  by Palmer and Ksmpster (39)# i«  
c i te d  a s  fu r th e r  ev idence th a t  th e  pigm ents o f  th e  shank sk in  
and th e  egg yolk  a re  i d e n t i c a l .
In f lu e n c e  o f  th e  ca ro te n o ld  pigment c o n te n t th e  d i e t  
upon th e  ca ro te n o ld  pigments o f th e  t i s s u e s . Palmer (35) was 
th e  f i r s t  to  dem onstra te  th a t  th e  pigm ents o f  th e  t i s s u e s  o f  
th e  ch icken  were dependent upon d ie ta r y  sources o f  th e se  pig­
m ents. In c a re fu l ly  c o n tro l le d  feed in g  experim en ts , he
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dem onstra ted  th e  p h y s io lo g ic a l r e la t io n s h ip  o f  th e  n a tu ra l  
yellow  pigm ents o f  th e  egg yo lk , body f a t  and blood serum o f  
th e  hen to  th e  x an th o p h y ll o f  p la n ts  and showed th a t  th e  
n a tu ra l  yellow  pigm ents o f  th e se  t i s s u e s  were I d e n t ic a l  w ith  
th e  c a ro te n e  and xan thophy ll o f  p la n ts ,  w ith  th e  l a t t e r  c la s s  
o f  p igm ents In  by f a r  th e  g r e a te r  p ro p o rtio n . In  com parison 
to  th e  yolk  co lo r o f  eggs d u rin g  a p re lim in a ry  p e r io d , r e ­
d u c tio n  o f  th e  x an th o p h y ll co n te n t o f  th e  d i e t  r e s u l te d  in  
r e d u c tio n  o f  th e  yo lk  c o lo r , w h ile  an In c re a s e  in  th e  xantho­
p h y ll co n ten t o f  th e  d i e t  r e s u l te d  l a  aa  In c re a s e  l a  yo lk  
c o lo r .  Supplem entation o f  th e  low pigm ent d i e t  w ith  c a ro te n e , 
from raw c a r r o t s ,  was w ithou t e f f e c t  on egg yolk  o o lo r . The 
t o t a l  yellow  pigm ent c o n te n t o f  th e  blood serum oa th e  v a r io u s  
d i e t s  was s im ila r  to  th a t  o f  th e  yolk  c o lo r .  The d i e t s  were 
w ith o u t in f lu e n c e  on th e  co lo r o f  th e  body f a t ,  shanks and 
b eak s, which th e  au th o r a t t r i b u te d  to  th e  f a i l u r e  o f  th e  d i e t  
to  cause a d e p o s itio n  o f  f a t  in  th e  lower4 ep iderm al la y e r s  
o f  th e  shank sk in . In  th e  l i g h t  o f  our p re s e n t knowledge on 
th e  e f f e c t  o f  co n tinued  egg p ro d u c tio n  on th e  pigment o f  th e  
beak and shanks, th e  f a i l u r e  o f  th e  d i e t  to  In f lu e n c e  th e se  
f a c to r s  in  la y in g  hens i s  r e a d i ly  e x p la in ed . Palmer and 
Kempster ( 39) observed  a  s im ila r  e f f e c t  and o f fe re d  a s  ex­
p la n a tio n  th e  th eo ry  th a t  1® s t i l l  u n iv e r s a l ly  accep ted . As 
fo r  th e  body f a t ,  r e fe re n c e s  th roughou t th e  l i t e r a t u r a  in ­
d ic a te  th e  r e l a t i v e  s t a b i l i t y  o f  th a  ca ro te n o ld s  o f  th e  a d i­
pose t i s s u e ,  once tney a re  d e p o s ited  th e re in .
Palm er and kem pstsr (39) v e r i f ie d  th e  f in d in g s  o f  Palmer
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( 35) t h a t  d ie ta ry  pigm ent Is  w ithou t e f f e c t  in  r e s to r in g  th e  
pigm ent o f  the sh in  and. ad ipose t i s s u e s  o f  b i r d s  In  p ro ­
d u c tio n  and p o s tu la te d  th a t  the f a i lu r e  to  do so Is  due to  
the d e f le c t io n  o f the  p a th  o f e x c re tio n  o f  x an th o p h y ll from 
the ak in  to  the o v a r ie s .
Palm er and Keiapster (UO) confirm ed th e  r e p o r t  o f  Palm er 
(355 th a t  ca ro ten e  from b u t te r  f a t  was w ith o u t e f f e c t  on th e  
ad ipose  t i s s u e  and had l i t t l e ,  I f  any, e f f e c t  on the  v i s i b l e  
sk in  p a r t s .  In  c o n t r a s t ,  x an th o p h y ll from yellow  com , had 
an immediate e f f e c t  on the  c o lo r  o f  both th e  ad ipose t i s s u e  
and v i s i b le  sk in  p a r t s .  4s a r e s u l t  o f  bloasaay, based on 
changes In  yolk c o lo r  In th e  egg® produced by hens re a re d  on 
o a ro te n o ld -f re e  r a t io n s  and la y in g  eggs w ith  x a n th o p h y ll- f re e  
y o lk s , yellow  corn and green feed  were found to  be r ic h  in  
x an th o p h y ll, A sm all amount o f  pigm ent vaa found in  hempseed, 
b a r le y , g lu te n  feed  and red  corn but w heat, wheat b ran , o a ts ,  
co tto n see d  m eal, rap e  se ed , meat sc rap  and blood meal con­
ta in e d  only  n e g l ig ib le  q u a n t i t i e s .
B lsbey , Appleby, Wise and Cover ( 5)# S isb ey , w ise and 
Kemps t e r  ( 6) and S jo llem a and Don&tfc (*&) reported- the quanti­
ta tive relationship between the x an thophy ll co n ten t o f  the 
d ie t  and the  yolk® o f egg® produced. B lsbey , Appleby, Wise 
and Cover ( 5) observed  a d i s t i n c t  g ra d a tio n  o f  c o lo r  in  the  
egg yolk.® from hens on d i f f e r e n t  d i e t s .  The c o lo r  o f the  
y o lk i on a g iven  d i e t  was very un ifo rm . The c o lo r  o f  the  
composite 0ample® o f egg yolk® from the fo u r  r a t io n s  te s te d  
were compared w ith solutions of vary ing  co n c e n tra tio n s  o f
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potassium  d lchrom ate . t h e i r  dark  egg yo lks corresponded  to  
the  c o lo r  o f  0 . 1B, medium to  0 . 07®# l i g h t -1  to  O.OfP and 
l i g h t s  to  0.O4S po tassium  d lo h ro a a ts . th e  dark  yo lks con­
ta in e d  0.0099  m illig ram s o f c a ro ten e  and 0.O34O m illig ram s 
o f  x an th o p h y ll p e r  gram and the medium c o lo re d  yolks O.OO67 
m illig ram s o f ca ro ten e  and 0.0251 m illig ram s o f  x an th o p h y ll 
p e r  gram, th e  l i g h t -1  and l l g h t -2  co lo re d  yo lks co n ta in ed  
0.0044 and 0.0045 m illig ram s o f ca ro ten e  and 0.0147 and 
0 .0142 m illig ram s o f  x an th o p h y ll p e r  gram# r e s p e c t iv e ly .
The d a rk , medium, l ig h t - 1  and l i g h t - 2 yo lks were produced 
on d ie t s  co n ta in in g  65.0 p e rc e n t o f  yellow  corn  and 10 p e r ­
cen t o f  a l f a l f a  l e a f  m eal, 65.0 p e rc e n t o f  yellow  co rn ,
35*0 p e rc e n t o f yellow  corn and 25.O p e rc e n t o f yellow  
co rn , r e s p e c t iv e ly ,  as sou rces o f  pigm ent. B lsbey , Wise 
and te m p ste r  ( 6) re p o r te d  th a t  a d e f in i t e  r e la t io n s h ip  ex­
is te d  between the  depth  o f the c o lo r  o f the yo lks o f th e  
®IlP produced and th e  r a t io n  o f th e  h en s .
S jo llem a and Donath (54) confirm ed the p rev io u s r e p o r t  
o f  Palm er (35) end B lsbey , Appleby, Wise and Cover {5) th a t  
th e re  was a g r e a te r  p ro p o rtio n  o f  x an th o p h y ll than ca ro ten e  
in  egg y o lk . On th e  p ig m en t-free  r a t io n  th e  ca ro ten e  c o n te n t 
o f  th e  egg yolk d ecreased  to  as low as th re e  mierograms p e r  
yolk  and th e  x an th o p h y ll co n ten t to  a le v e l  o f  20 to  40 
m icrogram s. On a d ie t  co n ta in in g  25 p e rc e n t o f  yellow  corn 
and 5 p e rc e n t o f a l f a l f a  the  ca ro ten e  c o n te n t In c reased  to  
approx im ate ly  35 micrograms and the x an th o p h y ll co n te n t to  
approx im ately  400 raierograms p e r y o lk . When th e  d ie t  con-
u
ta in e d  25 p e rce n t o f  yellow  corn  as  th a  o n ly  source o f  p ig ­
ment, th a  c a ro ten e  co n ten t o f  th a  y o lk s  produced was app rox i­
m ately  20 a icrog ram s and tha xan thophy ll c o n te n t approxim ately 
JO0 miorograms p a r  y o lk . $han f iv e  p e rc e n t o f  a l f a l f a  was 
th a  s o la  source o f  pigm ent in  th e  d i e t ,  th a  y o lk s produced 
co n ta in e d  approx im ately  20 m icro grams o f  c a ro ta n a  and 250 
m icro prams o f  xan th o p h y ll each ,
Hughes and Payne (23) and P e te rso n , Hughes and Payne 
(41) re p o r te d  th e  r e s u l t s  o f  ex te n s iv e  s tu d ie s  on th e  q u a n ti­
t a t i v e  r e la t io n s h ip  o f  th e  amount o f  c a ro te n o ld  pigm ents i n ­
g e s te d  and th e  amount o f  th e se  pigm ents ex c re te d  in  th e  egg 
y o lk . lta«a hens th a t  had been d e p le te d  o f  c a ro te n o ld  p ig ­
m ents to  a p o in t  where they  were la y in g  eggs o f  a  uniform  
l i g h t  c o lo r ,  were fed  10 , 20, and JO grams o f  yellow  corn fo r  
a p e r io d  o f  21 days, in  a d d it io n  to  a c a ro te n o ld - f re e  b a sa l 
d i e t ,  1 2 .0 , € .4 ,  and k*B p e rc e n t,  r e s p e c t iv e ly ,  o f  th e  ca ro ­
te n e  and c ry p to x a n th in  consumed was reco v ered  in  th e  yo lks 
o f  eggs produced d u rin g  th e  feed in g  p e r io d  and 21 days th e re ­
a f t e r .  At t h i s  tim e th e  yo lks were as  low in  pigm ent a s  
th o se  o f  eggs produced by n e g a tiv e  c o n tro l b i r d s ,  th e  p e r­
cen tag e  recovery  o f  th e  x an th o p h y lls  was much g r e a te r  th an  
th a t  o f  th e  petro leum -phasic- p igm ents, b e in g  17*4 # 21 . 4 , and 
23.5  p e rc e n t fo r  th e  10, 20 and JO gram In ta k e  le v e l s ,  r e s ­
p e c t iv e ly .  H th  in c re a se d  consumption o f th e  l a t t e r  c la s s  
©f p igm ents th e  p e rcen tag e  reco v ery  in c re a se d  w hile  w ith  lm- 
c reased  consumption o f  the  c a ro te n o ld s , th e  p e rce n tag e  r e ­
covery d ec rease d . In  d e te rm in in g  th e  e f f e c t iv e n e s s  o f
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c a ro te n o ld  pigm ents from d i f f e r e n t  so u rce s , th e  tech n iq u e  
was a l te r e d  and d e te rm in a tio n s  wars made on th e  fo lk s  o f  
egf® produced d u rin g  a p e r io d  o f  a week and compared to  th e  
c a ro te n o ld s  coneased d u rin g  th a t  p e r io d . P r io r  to  th e  t e s t  
week th e  e a rc te n o ld -d e p le te d  b i r d s  were fed  th e  experim en ta l 
r a t io n  fo r  a p e r io d  o f  th re e  weeks, tihen g reen  b a r le y  was 
th e  source o f  pigm ent, 2.62 p e rce n t o f th e  p e tro leu m -p h asic  
f r a c t io n  and 15*64 p e rc e n t o f  th e  a lc o h o l-p h a s ic  pigm ents 
were recow ered l a  th e  y o lk , Yfhen dehydra ted  a l f a l f a  was th e  
pigm ent sou rce , th e  re c o v e r ie s  were alm ost id e n t i c a l  to  
th o se  re p o r te d  f o r  b a r le y , 2.50 and 15*75 p e rc e n t f o r  th e  
p e tro ls u m -s o lu b le  and a lc o h o l- s o lu b le  p igm ents, r e s p e c t iv e ly .  
In  c o n t r a s t ,  7*07 p e rc e n t o f  th e  pigm ents o f  th e  petro leum  
f r a c t io n  and 25‘73 p e rc e n t o f  th e  a lco h o l f r a c t io n  o f  ye llow  
corn  was reco v e red  in  th e  y o lk s , l&eh source o f  pigm ent was 
fed  in  such amounts a s  to  fu rn is h  approx im ately  equal quan­
t i t i e s  o f  th e  ca ro te n o ld  p igm en ts, ih ea  l e a f  x an th o p h y ll, 
xeaxan th ift, c ry p to x a n th in  and b e ta -c a ro te n e  were adm inis­
te re d  o r a l ly  a t  th e  r a t e  o f  one m illig ram  p e r  day fo r  7 d ay s ,
11 .45  p e rc e n t o f  th e  l e a f  x an th o p h y ll, 24.35 p e rc e n t o f  th e  
ze& xanthin and non# o f  th e  c ry p to x a n th in  and b e ta -c a ro te n e  
were reco v ered  in  th e  yolk  o f  th e  eggs produced d u rin g  th e  
fee d in g  p e r io d  and two weeks th e r e a f t e r .  A pproxim ately tw ice  
a s  much o f  th e  xeaxan th ln  a s  o f  th e  l e a f  x an thophy ll was r e ­
covered in  th e  y o lk , th u s  acco u n tin g  fo r  th e  observed d i f ­
fe re n c e s  in  th e  u t i l i z a t i o n  o f  th e  a lc o h o l-p h a s ic  pigm ents 
o f  corn  as compared to  th o se  o f  green  b a r le y  and dehydrated
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a l f a l f a *
Brockman mad fo lk er  (10) Mad a lso  demonstrated that  
c r y s ta l l in e  lu te in  and xeaxanthia could he introduced in to  
the fo lk  hut were unable to in crea se  the caroten e , lyeoplae  
and vio loxan th in  content o f  egg fo lk  b f  feed in g  o f  the purl** 
f le d  compound.
6111am and H sllbron (15) reported the r e s u lt s  o f  a 
chromatographic stud f o f  the witsmin-A a c t iv e  pigments o f  
the egg fo lk  and a lso  studied  the e f f e c t  o f  the d if fe r e n t  
components o f  the d ie t  on th ese  pigments* the chromatogram 
o f  th e pigment o f  the fo lk  u su a llf  showed a broad yellow -  
brown cone near the top , a strong yellow ish  r in g  below and 
a weak pink-brown r in g  lower s t i l l .  Sach r in g  m s  sep arate ly  
elu ted  w ith methyl a lcoh ol and sp ec tro sco p ica lly  examined 
and were found to ex h ib it  absorption maxima id e n t ic a l  with  
each other and with those o f  b eta -caroten e. On a d ie t  
con ta in ing  la r g e  q u a n tit ie s  o f  yellow  corn, th e  chromatogram 
was sim ilar  in  th a t i t  exh ib ited  the three bands. The 
author concluded th a t the f i r s t  band was xanthophyll p lus  
o x id a tio n  products, the second cryptoxanthin and the lower 
one beta-carotene*
Palmer and Xempster ( J i ,  39) in d ica ted  th at no caro­
tenold  pigment other than that in  the feed  was d ep osited  la  
the y o lk . These authors noted that some pigment continued  
to  be d ep osited  in  the yolk from hens on a d ie t  o f  extrem ely  
low  carotenold  content and concluded that t h is  re s id u a l p ig­
ment was not carotenold  in  nature and that the quantity  was
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n o t reduced  fey con tin u ed  feed in g  o f  ca ro ten e  Id** f re e  d i e t s .  
B idd le  (43» 4 4 ); Homanoff (45) and Warren and Conrad (60) 
showed th a t  th e  c a r  oten© 1 d~b ea r 1 ng yellow  yolk  I s  d ep o s ite d  
d a r in g  a p e rio d  o f  seven to  te n  days J u s t  p r io r  to  o v u la t io n . 
I f  th e  oonoXiaslons o f  F a ls e r  and le a p  s t a r  { }$ ,  39) were 
c o r r e c t  then  hens r e a re d  on d i e t s  o f  h l ^ i  and low c a ro te n o id  
c o n te n t would produce eggs o f  I d e n t ic a l  c a ro te n o id  co n ten t 
a f t e r  e leven  o r more days o f  low ca ro ten o id  fe e d in g . That 
th e  ca ro ten o id  o o n te a t o f  th e  d i e t  i s  no t th e  so le  source o f  
c a ro te n o id  pigm ent fo r  th e  egg yo lk  was dem onstra ted  fey 
Bohrea, Thompson and G arrick  ( 8 ) .  When hens re a re d  on h ig h  
and low e a ro tsn o ld  d ie t s  were p la ced  on a low ca ro ten o id  
d i e t ,  th e  c a ro te n o id  eo n ten t o f  th e  yo lk  o f  th e  form er group 
o f  hens d ec reased  r a p id ly  d u rin g  th e  f i r s t  te n  days o f  low 
c a ro te n o id  fe e d in g , th e  ea ro te n o ld  c o n te n t o f  th e  yo lk  o f  
th e  eggs produced fey hens re a re d  on th e  h ig h  c a ro te n o id  
d i e t  averaged 4 .2  gamma p er yo lk  g r e a te r  than  th a t  o f  y o lk s 
from hens re a re d  on a lo w -ca ro ten o ld  d i e t ,  fro® th e  10th  day 
u n t i l  te rm in a tio n  o f  th e  experim ent, 84 days a f t e r  th e  s t a r t  
o f  th e  feed in g  o f  th e  ca ro ten o ld -lo w  d i e t .  These r e s u l t s  
were h ig h ly  s ig n i f i c a n t  a s  In d ic a te d  fey a t  v a lu e  o f  5 *55> 
w ith  th e  v a lu e  re q u ire d  fo r  s ig n if ic a n c e  feeing on ly  2.8  a t  
th e  one p e rc e n t l e v e l .  These author® o f fe re d  two p o s s ib le
so u rces  o f  pigm ent th a t  m ight account fo r  t h i s  d i f f e r e n c e ,
nam ely, th e  d e p o s it io n  o f  th e  pigm ent from th e  growing d i e t
in  th e  immature ova o r  th e  pigm ent In  th e  body t i s s u e s ,  p re ­
sumably l i v e r  and m e ta b o lisa b le  f a t .  The p re v io u s ly  c i te d
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work o f  R idd le  {b3> W *  Bom m o  f t  (b5) and Warren and Conrad 
( 60) h e a v ily  d isc o u n t th e  form er th e o ry , to o , th e re  i s  no 
In fo rm atio n  in  th e  l i t e r a t u r e  th a t  would le n d  credence to  
th e  l a t t e r .  Bohron, fhoapson and G arrick  (S) p re se n te d  no 
experim en ta l ev idence su p p o rtin g  th e  l a t t e r  th e o ry , a lth o u g h , 
th ey  d id  co n s id e r i t  th e  most p la u s ib le  o f  th e  two expla­
n a tio n s  o f fe re d .
Hubin and B ird  (M5), feed in g  a  p r a c t i c a l  d i e t ,  w ith  and 
w ith o u t a l f a l f a  l e a f  m eal, s tu d ie d  th e  ysllow -p igm ent s to r e s  
i n  th e  l i v e r  o f  young oh lokens. The form er r a t io n  co n ta in ed  
I 33.O u n i t s  o f  ye llow  pigm ent p e r  gram and th e  l a t t e r  19.5 
u n i t s  o f  yellow  c o lo r  p e r g ra s  on a c a ro te n e  c o lo r  b a s i s ,  
fhe l i v e r  s to r e s  o f  yellow  pigm ent o f  ch ickens on b o th  d ie t#  
in c re a se d  th e  f i r s t  week mad then  d ec reased  r a p id ly  u n t i l  
th e  ch ick s  were approx im ate ly  th re e  weeks o f  age . At th r e e  
weeks o f  age t h i s  tread was re v e rse d  and th e r e a f t e r  th e  
t o t a l  yellow  pigm ents o f  th e  l i v e r  in c re a se d  r a p id ly .  £he 
o r ig in a l  le v e l  was su rp assed  d u rin g  th e  s ix th  week and a t  
seven weeks o f  age, b o th  groups had accumulated equal s to re s  
o f  ye llow  pigm ent in  t h e i r  l i v e r s ,  th e  yellow  pigm ent l i v e r -  
s to r e s  o f  b i rd s  on th e  a lfa lfa -su p p le m e n te d  d i e t  d id  n o t 
re a c h  a s  low a le v e l  a s  th o se  o f  th e  b ird s  on th e  umsstpple- 
aanted d i e t ,  fh e  shanks o f  th e  form er group were more deep ly  
pigm ented than  th o se  o f  th e  l a t t e r ,  acco rd in g  to  th e se  
a u th o rs , d e s p i te  th e  la c k  o f  d if fe re n c e  in  th e  l i v e r  s to r e s .
B o lin , hampmm and Berg (9) confirm ed th e  r e p o r t  o f  
Hubln and B ird  (Mi) th a t  th e  t o t a l  yellow  pigm ents in  th e
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l iv e r  decreased p rogressively  u n t i l  the 19th day of age, re* 
{tardiess of the amount of pigment in the d ie t .  In lo ts  o f 
chickens from  hens receiv ing  200, 500, and 2,?50 mlcrograms 
of carotene d a ily  fro® a l f a lf a  s e a l , placed on d ie ts  con­
ta in in g  0, 25, 100 end 2,250 alerograms of carotene per 100 
grams of d ie t ,  fro.® the same source, the to ta l  yellow pig­
ments in the l iv e r  decreased progressively  u n t i l  the 19th 
day. A fter 19 days, there  was & gradual Increase In l iv e r  
pigment s to res  in the three groups receiv ing  the higher 
lev e ls  of carotene and by 56 days the three lo ts  receiv ing  
2,250 micrograms of carotene per 100 grass of d ie t  contained 
appreciably the same quan tity , desp ite  the marked d iffe rences 
a t  the s t a r t  of the experiment. The chicken® on.the lower 
lev e ls  of carotene in take did not s to re  any appreciable quan­
t i t i e s  of yellow pigment in th e ir  l iv e r s .  Irre sp ec tiv e  of 
the dam*s carotene In take , although the quan tity  did increase 
from the 19th to the 56th day. the fa ilu re  of the b irds on 
the lower lev e l to Increase th e ir  l iv e r  s to re s  of yellow pig­
ment might be considered In disagreement with the aforemen­
tioned work of Rubin and Bird (46) . The d iffe rences in the 
carotenoid pigments of the d if fe re n t  d ie ts ,  however, in v a li­
dates any comparison between the two experiments on th is  
b a s is . The pigment-low d ie t  of Rubin and Bird (46) contained 
19.5 u n its  of yellow co lo r per gram, mostly from yellow corn. 
The basa l d ie t  of Bolin et. a l .  (9) was a "white* ra tio n .
When the l a t t e r  d ie t  was supplemented with s u f f ic ie n t  a l f a l f a  
meal to supply 100 mlcrogr&as o f  carotene per 100 grams of
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d i e t ,  approxim ately  200 micrograma o f x an th o p h y lls , m ostly 
l e a f  xan thophy lla  o r  l u t e in ,  p e r  100 grams o f d ie t  would be 
added, acco rd ing  to  P e te rso n  a t ,  a l .  (4 1 ). th e  a l f a l f a  l e a f  
meal used by Hub In arid B ird  (46) ana lysed  5^*5 miorograms o f  
ca ro ten e  and 133*0 u n i ts  o f  t o t a l  yellow  c o lo r  per gram. I f  
the  x an th o p h y ll c o n ten t o f  a l f a l f a  l e a f  meal i s  g e n e ra lly  
tw ice th a t  o f  the  ca ro ten e  co n ten t as proposed by P e te rso n  
e t .  a l .  (41) then  a yellow  c o lo r  u n i t  o f  Babin and B ird  (46) 
c lo s e ly  approxim ates 1 microgram o f o a ro ten o ld s  on the  b a s is  
o f  t h e i r  re p o r te d  a n a ly s is .  Applying th i s  in fo rm atio n  to  
the pigm ent-low  d i e t  o f  th e se  au th o rs  g iv es a va lue  o f  195°  
m icrograft o f  c a ro te n o id s  p e r 100 grams o f d i e t .  S ince the 
m a jo rity  o f  th i s  pigm ent i s  from yellow  co rn , again  r e f e r ­
r in g  to  P e te rso n  e t .  a l .  (41) f o r  p e r t in e n t  in fo rm a tio n , 
r e l a t i v e l y  tw ice as much o f the a lc o h o l-p h a s ic  f r a c t io n  o f  
yellow  com  as th a t  o f  the  a lc o h o l-p h a s ic  f r a c t io n  o f  a l f a l f a  
i s  d ep o s ited  in  the egg y o lk . I t  has n o t been so demon­
s t r a t e d ,  bu t i f  one assumes a s i t u a t io n  analogous to  th a t  
observed in  egg yolk in  the r e l a t i v e  e f f e c t  o f  th ese  p ro d u cts  
on th e  l i v e r  s to re s  o f  yellow  pigm ent then  the d if fe re n c e  In 
th e  " e f fe c t iv e *  pigm ent co n ten t o f  the pigm ent-low  d i e t  o f  
Eubln and B ird  (46) would be much g r e a te r  than  the  a c tu a l  
c a ro te n o id  pigment when compared to  the pigm ent-low  d ie t s  
o f  B o lin  e t .  a l .  ( 9 ) .  On th i s  b a s i s ,  the  f a c t  th a t  the  p ig ­
ment co n ten t o f  the l i v e r s  o f  the  ch icks o f  B olin  e t .  a l .  ( 9) 
on t h e i r  pigm ent-low  d i e t  d id  n o t show com parable in c re a se s  
to  th o se  o f  Bubln and B ird  (46) i s  e a s i ly  ex p la in e d , to
a
e x p la in  th e  f a c t  t h a t  th e  l i v e r  © tores o f  yellow  pigm ent on 
th e  pigm ent-low  and a l f a l f a  supplem ented d i e t s  o f  Bubin and 
B ird  (46) a t ta in e d  th e  same le v e l  a t  seven weeks o f age , one 
would have to  assume th a t  & th re sh o ld  o f  l i v e r  s to r e s  o f  y e l­
low pigm ent e x is te d  and th a t  th e  pigm ent-low  d i e t  co n ta in ed  
s u f f i c i e n t  c a ro tsn o id s  to  re a c h  th is  th re s h o ld  in  l i v e r  
store©  o f  yellow  pigm ent.
Bubin and B ird  (46) suggested  two p o s s ib le  ex p lan a tio n s  
fo r  th e  observed d ec re a se  o f  th e  l i v e r  s to r e s  o f  yellow  p ig ­
ment d u rin g  th e  f i r s t  th re e  weeks o f th e  c h ic k e n 's  l i f e ,  
th e s e  a u th o rs  suggested  th a t  t h i s  d ec re ase  cou ld  be ex p la in ed  
by th e  removal o f  th e  pigm ent accompanying th e  normal de­
c re a se  in  fa t  c o n te n t o f  th e  l i v e r  d u rin g  t h i s  p e r io d  o f  l i f e ,  
b u t i f  t h i s  were th e  t r u e  s i t u a t io n ,  th e se  a u th o rs  could  n o t 
accoun t for  th e  f a i l u r e  o f  v itam in  A to  do l ik e w is e ,  f h s i r  
o th e r  su g g estio n  was th a t  th e  c a ro te n e  i s  t r a n s f e r r e d  from 
th e  yo lk  to  th e  l i v e r  and i s  no t converted  to  v itam in  A un­
t i l  a f te r  th e  f i r s t  week. According to  t h e i r  su g g es tio n , th e  
ca ro te n e  i s  then  g ra d u a lly  converted  to  v itam in  A, th u s  ac­
co u n tin g  fo r  th e  d ec re a se  in  t o t a l  yellow  pigment s to r e s  o f  
th e  l i v e r .  A t e s t  o f  t h i s  th e o ry , based  on th e  in fo rm a tio n  
a v a i la b le  in  th e  l i t e r a t u r e ,  re n d e rs  i t  untenable.
P e te rso n , Hughes and Payne (41) dem onstrated  t h a t  i t  was 
im p o ss ib le  to  in tro d u c e  b e ta -c a ro te n e  in to  th e  egg yo lk  by 
feed in g  same b u t d id  in c re a s e  th e  p e tro le u m -p h as ic  caro tenoid®  
o f  egg yolk by feed in g  yellow  co rn , gras® s i l a g e ,  a l f a l f a  
meal and f re s h  gras® , fhe maximum le v e l  a t ta in e d  was 0 .1 4
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m illig ram s o f  p e t r o l mm~ph& sie c a ro te n e id s  p e r  100 gram® o f  
yolk  when a l f a l f a  meal v a t th e  so u rce . Assuming 1 i  grams o f  
yolk  p a r  egg as re p o r te d  by S jo llem a and Donath (5k)» con­
v e rs io n  o f  t h i s  d a ta  to  p e tro leu m -p h asic  carotenoid®  p er 
yolk  f o r  com parison to  th e  d a ta  o f  SJollem a and Donath (5k) 
and M m pulst, HacKlnney and Hseohl (1 ) y ie ld s  a  v a lu e  o f  ap­
p ro x im ate ly  25 m ie rog rsM  o f  p e tro leu m -p h as ic  caretenol& e 
p e r  y o lk . S jo llem a and Donath (§k) re p o r te d  th a t  th e  caro­
te n e  co n ten t o f  egg yo lk  from hens on a p igm ent-low  r a t io n  
to  be l e s s  than  15 f t le ro g ra s s  p e r yo lk  and th a t  t h i s  v a lu e  
could  be in c re a se d  to  a maximum o f  35 mlor©grams p e r yolk  
by In c lu s io n  o f  7*5 p e rc e n t o f  a l f a l f a  meal and s u b s t i tu t io n  
o f  y e llo w  corn fo r  w hite corn in  t h e i r  b a s a l d i e t .  A lm qolst, 
M adlnney  and Meeehi (1) confirm ed th e  r e p o r t  o f  P e te rso n  
e t .  a l .  (k l)  t h a t  th e  ca ro ten e  c o n te n t o f  egg yo lk  could n o t 
be  In c re a sed  by th e  feed in g  o f  c r y s ta l l i n e  c a ro te n e  bu t 
t h e i r  r e s u l t s  a re  in  c o n f l i c t  w ith  th o se  o f  P e te rso n  e t .  a l .  
(U i) and s jo l l e s a  and Donath (§k) as  f a r  a s  th e  maximum caro ­
te n e  co n ten t o f  © ^  yolk  i s  concerned . D e ta ile d  r e s u l t s  on 
t h i s  p o in t  were not p re se n ted  by Alm qulst e t .  a l .  (1 ) b u t 
th ey  s ta te d  th a t  th e  ca ro ten e  c o n te n t o f  th e  yolk  i s  no ca se  
exceeded 6 m ic ro g rass  p e r y e lk . One each o f  t h e i r  e x p e ri­
m ental groups had re c e iv e d  1 . 0 . o f  v itam in  A p e r b ird  
p e r day in  th e  form o f  c a ro te n e  from a l f a l f a  meal o r  d r ie d  
c a r r o ts  by o r a l  a d m in is tra t io n .
I t  i s  im p o ss ib le  to r e c o n c i le  th e  f in d in g s  o f  th e  l a t t e r  
a u th o rs  w ith  th o se  o f  P e te rso n  e t .  a l .  (k l)  and 8Joll@ma and
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Donath ( 54) on th e  b a s is  o f  ca ro ten e  in ta k e  o r  a n a ly t ic a l  
m ethods. Assuming an average consumption o f  0 .2 5  pounds o f  
feed  p e r hen p e r  day, th e  d i e t  o f  P e te rso n  e t .  a l .  (41) fur­
n ish ed  approx im ately  740 I .  tJ. o f  v itam in  A p e r  day; th a t  
o f  Bjollem a and Donath (54) a minimum o f  750 mlcrograms o f  
c a ro te n e  or approx im ately  1250 I .  0 . o f  v itam in  A as ca ro te n e  
p e r  day , whereas th e  d i e t  o f  Al&quist e t .  a l .  (1) su p p lied  
750 O* o f  v itam in  A d a i ly  from th e  game source  by o r a l  
a d m in is tra t io n . On th e  b a s is  o f  c a ro te n e  In ta k e , th e  yo lks 
o f  th e  eggs from hens on th e  d i e t  used by Alaquist e t .  a l .
(1) should  have equaled  th o se  o f P e te rso n  e t .  a l .  (41) in  
ca ro ten e  c o n te n t.  The a n a ly t i c a l  p rocedure  o f  each o f  th e se  
a u th o rs  was very  s im ila r  and th e  re p o r te d  c a ro te n e  c o n ten t 
r e f e r s  to  th e  p e tro le u m -p h as ic  c a ro te n o id s  in  bo th  c a se s .
I f  one assumes th a t  th e  yo lks o f  th e  eggs from which 
th e  ch ick en s used by Rubin and B ird  (46) were hatched  con­
ta in e d  35 grams o f  c a ro te n o id  pigment p e r  y o lk , th e  maximum 
va lu e  re p o r te d  in  th e  l i t e r a t u r e ,  and th a t  t h i s  c a ro ten e  was 
t r a n s f e r r e d  q u a n t i ta t iv e ly  from th e  egg yolk  to  th e  l i v e r  
d u rin g  th e  f i r s t  week o f  l i f e  and then  g ra d u a lly  converted  
to  v itam in  A, com plete d e c o lo r iz in g  o f  th e  egg yolk  pigm ent 
could  n o t account fo r  the  t o t a l  d ec rease  in  l i v e r  s to r e s  o f  
yellow  pigm ent th a t  th e se  au th o rs  r e p o r te d . I h e i r  d a ta  
shows a d ec rease  from a maximum o f  approx im ately  110 yellow  
u n i t s  a t  one week o f  age to  a minimum o f  20 yellow  u n i t s  in  
th e  group fed  the  h ig h ly  pigm ented r a t io n  and o f  10 yellow  
u n i t s  in  th e  group fed  th e  le s s e r  pigm ented r a t i o n .
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The da ta  of Bolin e t . a l ,  (9) show s lu d lar minimuma and max* 
Imums for th e ir  groups from hens receiv ing  500 micrograms of 
carotene d a l ly  fro® a l f a l f a .  The values of the l a t t e r  
au thors are  expressed as mlcrograias of beta-earo ten#  and i t  
has been shown herein  th a t the yellow u n it o f Bubln and Bird 
(46) approximate® on# microgram of carotenoid  pigment, fh is  
decrease of l iv e r  s to re s  of yellow pigment, to ta l l in g  ap­
proxim ately 100 mlcrograms of carotenoid pigment, could not 
be accounted fo r on the b as is  of conversion to  vitamin A o f 
carotene withdrawn from the yolk and stored la  the l iv e r  
during the f i r s t  week o f  l i f e ,  as the yolk  does not contain 
th a t quan tity  of yellow pigment capable of conversion to 
vitam in A. Too, the  m ajority  o f these l iv e r  pigments ar® 
xanthophylls and are  not capable of conversion to vitam in A, 
a® has been amply demonstrated by research  work previously  
reported  h ere in , fu rth e r evidence in  support o f the fa lla c y  
of th is  explanation was also  o ffered  by Bolin e t .  a l .  (9) in  
the fo ra  of d e f in i te  proof th a t the chicken does convert 
carotene to vitam in A during the f i r s t  week of i t s  l i f e .
The l iv e r  s to re s  of vitam in A in  chickens hatched fro® the 
eggs o f  hens receiv ing  200 micrograms of carotene d a lly  de­
creased in  inverse  proportion  to the amount of carotene In  
th e ir  d ie t  when the d ie t  contained 0 , 25 o r  100 micrograms 
o f  carotene per 100 grams, however, when the chickens re ­
ceived a d ie t  contain ing  2,250 micro-grams o f carotene per 
100 grams, the l iv e r  s to res  of vitamin A treb led  between the 
f i r s t  and eighth day o f l i f e .  Dais increase  was apparent a®
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e a r ly  &$ th e  th i r d  day and con tinued  a t  a  r a p id  r a t e  u n t i l  
th e  te rm in a tio n  o f  th e  experim ent a t  56 day®.
A fte r  a  p o r t io n  o f  th e  work re p o r te d  h e re in  had been 
com pleted , Sherwood and Fraps (53) r e p o r te d  th a t  c e r t a in  
l o t s  o f  meat sc rap s  d es tro y ed  ca ro ten e  in  ch icken  d ie t® .
In  t h e i r  experim en ts, one o u t o f  f iv e  l o t s  o f  meat sc rap  
t e s t e d ,  proved u n s a t i s f a c to r y ,  itien In c o rp o ra te d  in to  a  
d i e t  c o n ta in in g  175 m icrogram s o f  ca ro ten e  i n  o i l  p e r  100 
gram s, a t  a l e v e l  o f  n in e  p e rc e n t th e  ch ick s  on th e  d i e t  
c o n ta in in g  th e  u n s a t i s f a c to ry  meat sc rap s  grew v ery  slow ly 
and th e  m o r ta l i ty  was h ig h , w ith  most o f  th e  ch ickens exhi­
b i t i n g  symptoms o f  v itam in  A d e f ic ie n c y . M o r ta lity  was no t 
e x c e ss iv e  in  th e  ch ick s  fed  th e  o th e r  l o t s  o f  meat s c ra p s .
The r e s u l t s  were s im ila r  when th e  d i e t  co n ta in ed  f iv e  p e r­
ce n t o f  a l f a l f a  l e a f  meal c o n ta in in g  160 m icrogram s o f  crude 
c a ro te n e  p e r  100 grams and no c a ro te n e  in  o i l .  There was no 
c o r r e la t io n  between th e  f r e e  f a t t y  a c id  c o n te n t and th e  caro ­
te n e  d e s tro y in g  power o f  fe e d s . I t  was a lso  observed  th a t  
th e  c a ro te n e  d e s tro y in g  power o f  a  g iven  feed  v ary  from tim e 
to  time*
Kalman and f lg h e  {19 , 30) concluded t h a t  when o th e r  
f a c to r s  which m ight a f f e c t  shank p ig m en ta tio n  were h e ld  con­
s t a n t ,  th e re  was an e s s e n t i a l ly  l in e a r  r e la t io n s h ip  between 
th e  amount o f  yellow  pigm ent c a r r i e r s  in  th e  feed  and th e  
c o n c e n tra tio n  o f  c a ro te n o id  pigm ent In  th e  shank. A lso, th e  
e a ro te n o id  pigm ent c o n c e n tra tio n  i n  th e  shank sk in  was shown 
to  In c re a s e  w ith  ag e , when th e  c o n c e n tra tio n  o f  c a ro ten o id
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pigm ent In  th e  d i e t  was h e ld  c o n s ta n t.
Hammond, M ille r  and Whitson (17) r e p o r te d  th a t  la rg e  
q u a n t i t i e s  o f  cod l i v e r  o i l  and sm all q u a n t i t i e s  o f  su lphu r 
i n  th e  d i e t  o f  th e  hen in te r f e r e d  w ith  th e  t r a n s f e r  o f  pig-* 
a e n t  from h e r  d i e t  th rough  h e r  eggs to  th e  shanks o f  h e r  
ch ick en s . T his experim ent was p o o rly  d esig n ed  in  t h a t  th e  
amount o f  p lg s e n t  i n  th e  d i e t  o f  th e  v a r io u s  groups was n o t 
h e ld  c o n s ta n t and h i s  co n c lu sio n s a re  open to  c r i t i c i s m  as 
f a r  a s  th e  e f f e c t  o f  cod l i v e r  o i l  i s  concerned . The ex­
p erim en t u s in g  f lo w ers  o f  su lp h u r was much b e t t e r  c o n tro l le d  
th an  th e  experim ent u s in g  cod l i v e r  o i l  and h i s  co n c lu sio n s  
co n cern in g  flo w ers  o f  su lp h u r a re  w arran ted  by th e  d a ta  p re ­
s e n te d .
Maw and H lkolaicxuk ( 3^) were a b le  to  red u ce  th e  ea ro - 
te n o ld  co n ten t o f  th e  shank sk in  by in tra m u sc u la r  I n je c t io n  
o f  o n e -h a lf  cub ic c e n tim e te rs  o f  15 p e rc e n t e th y l a lco h o l o r  
an equal amount o f  0 .1  p e rc e n t t r i c r e s o l  when compared to  
c o n t ro ls  th a t  had been in tra m u sc u la r ly  in je c t e d  w ith  o n e -h a lf  
cub ic  c e n tim e te rs  o f  d i s t i l l e d  w a te r . The e th y l a lco h o l in ­
j e c t i o n s  a ls o  reduced  th e  ca ro ten e  c o n te n t o f  l i v e r  and b lood 
serum. T his s tudy  was conducted a s  th e  r e s u l t  o f  some unex­
p ec ted  r e s u l t s  o b ta in e d  from p i t u i t a r y  e x t r a c ts  th a t  had 
been p re se rv e d  in  15 p e rc e n t e th y l a lc o h o l. Mo ex p lan a tio n  
o f  th e  mechanisms in v o lv ed  was suggested  by th e se  a u th o rs  
and a search  o f  th e  l i t e r a t u r e  f a i l e d  to  r e v e a l  any in f o r ­
m ation  th a t  m ight accoun t fo r  t h i s  phenomena. To d eterm ine  
th e  r e l a t i o n  o f  th e  e f f e c t  o f  th e  a lco h o l and t r i c r e s o l  to
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the previously  discussed. work of Hammond and B&rshaw ( 16) or 
the experimental re s u l ts  reported  herein w ill n e c e ss ita te  
fu r th e r  experim entation.
B io logical sign ificance of the carotends in chickens.
In view of the re la tiv e ly  wide d is tr ib u tio n  of these com­
pounds in chickens ami th e ir  se lec tiv e  u t i l i s a t io n  when com­
pared to the caro tenes, I t  is  su rp ris in g  th a t i t  has been 
impossible to a ttach  any physio logical s ig n ifican ce  to th e ir  
presence.
The use of the fading of these pigments fro* the v is ib le  
skin p a rts  as a re s u l t  of continued production, as an aid  in 
s e le c tin g  laying hens Is adequately discussed by l i c e ,  B all 
and Marble (b2 ) . I t  is  very su rp ris in g  that on® can trace  
so completely the h is to ry  of the egg production of the hen 
by observation of the amount of yellow pigment in  these 
tisan es  end yet be unable to demonstrate any physio logical 
s ig n ifican ce  of these pigments, in th is  or any o ther body 
function .
The only evidence to the contrary  was presented by 
B all (2 ) .  This author graded. White Leghorn pullet® th a t 
were ready to lay in to  five  grades based on the degree of 
shank pigmentation and concluded as follow s:
That shank co lor Is re la te d  to m o rta lity  was 
ind ica ted  by the g rea te r proportion  of b irds with 
pale shanks in  the Susceptible s t r a in  than In the 
R esis tan t s t r a in .  Moreover w ithin both of these 
s tra in s ,, the p u lle ts  which were c la s s if ie d  as 
having pal® shanks died a t a g re a te r ra te  than did 
the p u lle ts  which were well pigmented. Bo re ­
la t io n  was found to e x is t  between shank color and 
the incidence of colds or egg production to 500
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days o f  age .
Ho d is c u s s io n  o f  th e  phenomena was o f fe re d  nor was e v i­
dence p re se n ted  as to  whether th e  observed  m o r ta l i ty  was th e  
cause o r  th e  e f f e c t .
th e  p o s s i b i l i t y  th a t  some ag en t was cau sin g  th e  mor­
t a l i t y  and a ls o  su p p ress in g  th e  p ig m en ta tio n  o f  th e  shanks 
cannot be ig n o red . Too, th e re  were g e n e tic  d if f e re n c e s  in  
th e  r e s i s ta n c e  to  d is e a s e  o f  th e  two s t r a i n s  o f  b ird s  
s tu d ie d  by B a ll ( 2 ) ,  and a lth o u g h  th e  g e n e tic s  o f  shank 
c o lo r  was no t in v e s t ig a te d ,  th e  f a c t  th a t  th e re  were d i f ­
fe re n c e s  in  shank c o lo r  between th e  B e s ls ta n t  and S u sc e p tib le  
s t r a i n s  su g g ests  a p o s s ib le  lin k a g e  between th e  o o lo r o f  th e  
shanks and r e s i s ta n c e  to  d is e a s e .
Only one o f  th e  many c a ro te n o ls  has been dem onstrated  
to  p o sse ss  v itam in  A a c t i v i t y .  The v itam in  A potency  o f  
c ry p to  ran  th in  was f i r s t  dem onstrated  by Kuhn and Grundmann 
(2 9 ) , who a lso  p o in te d  ou t th a t  th e  v itam in  A potency o f  
ye llow  corn was due m ainly to  e ry p to x a n th in  r a th e r  th an  to  
b s ta - c a r o te n s .  S ince yellow  corn c o n s t i tu t e s  a  la r g e  p e r­
cen tag e  o f  many p r a c t i c a l  p o u ltry  d i e t s ,  much o f th e  t o t a l  
req u irem en t o f  th e  p o u ltry  in d u s try  fo r  v itam in  A i s  supplied 
by t h i s  compound.
Palmer and Kempster (3&) were th e  f i r s t  to  dem onstra te  
th a t  c a ro te n o id  pigm ents were n o t n ecessa ry  fo r  grow th, f e ­
cu n d ity  and re p ro d u c tio n  in  dom estic fo w ls . A fte r two un­
su c c e s s fu l a ttem p ts  to  r e a r  ch ickens to  m a tu r ity  on a  p igm ent- 
low r a t i o n ,  a th i r d  was marked by success due to  th e
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Inclusion  of pork l iv e r  in  the d ie t .  With th is  innovation 
these authors were able to re a r  two generations of b irds on 
th e i r  plgaent-low  d ie t  with no evidence of abnormality o ther 
than the absence of the n a tu ra l yellow pigm entation of the 
sk in , the mature hens of the f i r s t  generation showed normal 
fecundity  and no abnorm alities with respect to the f e r t i l i t y  
of the caro teno id -free  eggs developed.
B ussell and Weber (50)# K line, Sehultse and B art ( 26); 
and K arrer, Behopp and Morf (25) demonstrated th a t xantho- 
phyll possessed no vitam in A a c tiv i ty  fo r chickens.
Schumacher, S co tt, Hughes and Peterson (5U* using 
c ry s ta l l in e  lu te o l and zeaxanthol, confirmed these repo rts  
th a t xanthophyll possessed no vitamin A potency for chickens 
and demonstrated th a t carotenols are not e s s e n tia l  n u tr ie n ts  
in the d ie t  of the male fo r normal reproduction.
Histology of the yellow pigmentation in the shanks of 
chickens. Barrows (3) mad© a h is to lo g ic a l study of the 
shank color in the domestic fowl and reported  tha t the ye l­
low shanks resu lted  from the presence of i zooxanthin^ In both 
layers of the epiderm is, or in the corn©urn alone, d iffused  
through a l l  parts  of the c e lls  and in te rc e l lu la r  substances. 
In b rig h tly  colored shanks both epidermal layers exh ib ited  
a r ic h  supply of the o i l .  In young b irds the amount in the 
Malphiglaa lay er was large  but as the chickens grew o lder 
th is  disappeared and old laying hens ca rried  a very small 
quan tity  in the horny lay e r , the re te  appearing white to the 
naked eye. Old hens which have never la id ,  possessed a deep
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orange color ia  both p a r ts  o f  the epidermis, in d ica tin g  th a t  
the o r ig in a l pigment had not boon used tip and th a t an ad-* 
d it io a a l  supply had boon deposited ,
P d a  or and lamps ta r  (395 in  general, confirm ad the 
f la d in g s  of Barrows ( 3) but In terpreted  the xanthophyll to  
be p resen t in  granular fona ra th e r  than in  an o i l  o r f a t  
so lu tio n . In support of th is  view they reported  Kile blue 
to  to# dichrom atic with re sp ec t to f a t  and xanthophyll, the 
f a t  s ta in in g  red and the xanthophyll deep b lue , f i l l s  blue 
s ta in ed  section® o f h ighly  pigmented shank skin showed m&~ 
thophyll as dark blue granular masses in  the outer p a rt o f 
the epidermis and in  the c e l ls  of the r e te  o f Malphlgl and 
a lso  l in in g  the  blood c a p i l la r ie s  in  the lower eorlw i la y e r . 
In these  sec tions f a t  d ro p le ts  in  the subcutaneous lay er 
stood out prominently as s c a r le t  colored droplet® . These 
au thors a lso  reported  some sec tions th a t showed a reddish  
tin g e  in  the epidermis which Ind ica ted  to them th# preset!®# 
o f some f a t ,  Xn explanation of these section® they o ffered  
the  suggestion th a t xanthophyll was probably serving as the  
so lvent and the w a l l  amount of f a t  was p resen t a# the 
so lu te  while in  deeply plgnented adipose t is s u e , which 
s t mined s c a r le t  with i l l #  b lue, the xanthophyll urns d is ­
so lved  in  f a t ,  This observation Immediately suggests th a t 
perhaps Barrows ( 3) and Palmer and Kemp s ta r  ( 39) a re  both 
co rrec t and th a t the reported  d iffe ren ces  might toe due. to 
d iffe ren ce s  in  f a t  depots o f the b ird s  a t  the time o f p re ­
p a ra tio n  o f the sec tio n s . Too, difference®  in  h is to lo g ic a l
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te ch n iq u e  s ig h t  account fo r  th i s  d isc re p a n c y . Barrows used 
t i s s u e  s l i c e s  th a t  had been f ix e d  and p re se rv ed  in  10 p e r­
c e n t fo rm alin  and mounted in  g ly c e ro l .  He used no s t a in .  
A lthough Palmer and kem pster (3$) d id  no t d e s c r ib e  t h e i r  
h i s to lo g ic a l  te ch n iq u e , i t  d id  d i f f e r  to the  e x te n t th a t  th e  
l a t t e r  au th o rs  based  th e i r  co n c lu sio n s  on s tu d ie s  o f  s ta in e d  
s e c t io n s .
Palmer and Kempstar ( 3d) a lso  re p o r te d  h is to lo g ic a l  
s tu d ie s  on th e  fad in g  o f th e  xan thophy ll fro® th e  shank® o f  
h ig h ly  pigm ented M bits Leghorn cockerel®  when p laced  on 
t h e i r  e a ro te n o ld - f re e  d i e t .  The pigm ent from th e  corlum 
d isap p ea red  f i r s t  fo llow ed by th a t  in  th e  o u te r  la y e r  o f  th e  
ep id erm is and g ra d u a lly  ex tend ing  in to  th e  r a t e  o f  l ia lp h ig l . 
The l a s t  pigm ent to  d isa p p e a r  being  th e  xan th o p h y ll a t  th e  
b ase  o f  th e  M alphlgian la y e r .  They in te r p r e te d  th e se  ob­
s e rv a tio n s  a s  meaning th a t  when th e  pigm ent supply i s  cu t 
o f f  th e  pigm ent p re s e n t in  th e  eorium la y e r  i s  norm ally  de­
p o s i te d  in  th e  ret®  o f  M alp h lg i. At th e  same tim e th e  p ig ­
ment in  th e  o u te r  la y e r  o f  th e  ep iderm is e i th e r  wears o f f  by 
normal rep lacem ent o f  th s  o u te r  c e l l s  from th o se  low er down, 
o r  i s  o x id ized  because  o f  c lo s e r  c o n ta c t w ith  th e  a i r ,  o r  
p o s s ib ly  b o th . The xan thophy ll in  th e  re t®  o f  M alphlgi th en  
g ra d u a lly  becomes a  p a r t  o f  th e  o u te r  la y e r  o f  th e  ep iderm is 
and i s  l o s t  by th e  above p ro c e s s , o r  p ro c e s s e s , u n t i l  the  
sk in  becomes f r e e  from v i s i b l e  yellow  p igm ent. These au th o rs  
exp ressed  the  o p in io n  th a t  th e  now u n iv e r s a l ly  reco g n ised  
d isap p ea ran ce  o f  x an th o p h y ll from th e  ear lo b e s , beak , and
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shanks o f  lay ing  hens, as a re s u l t  o f continued production, 
i s  analogous to th a t  observed In th e ir  cockerels and i s  a 
r e s u l t  of the removal of the supply o f pigment fo r these 
p a r ts .  These authors postu la ted  th a t fo r non-laying hens 
the skin I s  the normal path  of excretion o f xanthophyll but 
th a t  production d e f le c ts  excretion  from these t is su e s  to the  
egg yolk.
The observation  o f B ussell, Taylor, Walker and Polakla  
(h9) th a t carotene I s  excreted through n e ith e r the kidney 
nor the in te s t in e  in d ic a te s  th a t the skin and egg yolk sure 
the only path® o f excretion  of the carotenoid®.
Influence o f d ie ta ry  factor® , o ther than ..the amount o f  
carotenoid  pigment In the d ie t ,  upon deposition  o f these 
pigments in  the various tis su e s  of the chicken. Th® f i r s t  
evidence th a t d ie ta ry  fa c to rs  o ther than the amount of the  
carotenoid® in  the d ie t  influenced the deposition  o f yellow 
pigment in  the various p a r ts  o f the body was published a f te r  
these experiment® were underway, by Hammond and Kershaw (16). 
These author® demonstrated the q u a n tita tiv e  re la tio n sh ip  
between the quan tity  of pigm ent-bearing feed® in  the d ie t  
and the color of the shank and skin l a  the growing chicken, 
providing the amount of pigm ent-suppressing d ie ta ry  factor® 
was held  constan t. F o r tif ie d  cod l iv e r  o i l  was the most 
po ten t source o f the  pigm ent-suppressing fa c to r , w ith or­
dinary  cod l iv e r  o i l  about one-half and sardine o i l  one- 
th ird  as potent as the f o r t i f ie d  cod l iv e r  o i l .  Activated 
animal pro-vitam in D or i r ra d ia te d  e rgoste ro l d id  no t a f fe c t
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the shank an t skin color even a t  1 avals supplying several 
times ths number of u n its  o f vitam in 0 required* tt&e fo r-  
t l f l s d  sod l iv e r  o i l  was freed of a la rg e  po rtion  o f th s  
pigment suppressing fa c to r  by h s a t lng a t  230*0 in  a vacuum 
fo r th ree  hours.
Deuel, Kalli&ay, Hallmant Johnston an t M iller (11) dem­
on stra ted  th a t the feeding of vitam in A in  la rg e  doses in  
th e  form o f  shark l iv e r  o i l  to Guernsey cows was followed 
by a pronounced lowering in  the carotene lev e l o f  the m ilk, 
h a te r Deuel, Kallmann, Johnston and Mattson (12) concluded 
th a t the  depression in  milk carotene was a re s u l ta n t  o f 
feeding vitamin a i t s e l f  ra th e r  than o f o th er components in  
the  shark l iv e r  o i l ,  inasmuch a® i t  also  occurred a fte r  the 
adm in istra tion  of a vitam in A concentrate . Moreover, i t  was 
noted th a t a s im ilar response could be e l ic i te d  in  H olstein 
cows even though the normal carotene le v e l o f th e ir  milk was 
approximately 50 percent le s s  than th a t ©f the Guernsey, 
fhsy also  presented evidence th a t  the In te n s ity  of the 
e f fe c t  was p roportional to  the dosage through a ce rta in  
range. Sines a s im ila r v a r ia tio n  was m anifested In blood 
carotene these authors suggested th a t the observed phenomena 
were best explained on the b asis  of the development ©f a new 
enzyme system capable of destroying carotene* they postu­
la te d  th a t the formation o f  the enzyme system was stim ulated  
by the  high concentration  o f  vitam in A in  the t is s u e s . As 
evidence, they c ite d  the slow r a te  o f the development o f  the  
maximum d ecrease, observed in  four to s ix  weeks a f te r  the
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i n i t i a t i o n  o f  v itam in  A feed in g , and th e  ta rd y  r e tu r n  to  
normal le v e ls  a f t e r  c e s s a t io n  o f such supp lem en ta tion , a 
p e r io d  o f approx im ately  e ig h t to  ten  weeks. The p o s s i b i l i t y  
o f  in c re a se d  a c t i v i t y  o f an enxyme system a lre a d y  p re s e n t a s  
a r e s u l t  o f th e  h ig h  v itam in  A in ta k e  was a lso  co n s id e red .
M attson and Deuel (33) extended th e se  s tu d ie s  on ca ro ­
te n o id  m etabolism  to  ch ick en s . Two-week o ld  c h ic k s , th a t  
had been re a re d  on a commercial s t a r t in g  d i e t ,  were fed a 
pigm ent-low  d i e t  fo r  two weeks and then  p u t on a d i e t  in  
which 25 p e rc e n t o f  a l f a l f a  meal had been s u b s t i tu te d  fo r  
25 p e rc e n t o f  wheat f lo u r  in  th e  o r ig in a l  d i e t .  O ne-ten th  
cub ic  c e n tim e te r  o f  shark  l i v e r  o i l  co n ta in in g  9300 I .  0. o f  
v ita m in  A was ad m in is te red  o r a l ly  to  th e  experim en ta l b ird s*  
The r e s u l t s  a re  in  agreem ent w ith  th o se  p re v io u s ly  observed 
(Deuel e t .  a l .  (11 , 12} in  c a t t l e  and w ith th o se  o f  Hammond 
and Harshaw (1 6 ), i f  one i n t e r p r e t s  t h e i r  r e s u l t s  in  th e  
l i g h t  o f  l a t e r  knowledge, and Bubln and B ird  (47) I f  I t  i s  
assumed th a t  f a c to r s  which a f f e c t  th e  pigm ent c o n te n t o f  
th e  l i v e r  and b lood would lik e w ise  a f f e e t  th e  pigm ent con­
te n t  o f  th e  sk in . The e f f e c t s  observed by M attson and 
Deuel (33)» & r e s u l t  o f  feed in g  shark l i v e r  o i l  to
ch ick en s , were o f  g r e a te r  m agnitude and more a b s o lu te  than  
in  c a t t l e .  A fter r e c e iv in g  th e  pigm ent-low  d i e t  f o r  two 
weeks fo llow ed by th e  pigm ented d ie t  fo r  two weeks, th s  
c a ro te n o l c o n te n t o f  th e  l i v e r  and blood plasm a o f  the  con­
t r o l  ch ickens was 19-5 * 2 .S micrograms p e r  gram and 790 
m icrograms p e r 100 cub ic c e n tim e te rs , r e s p e c t iv e ly .  In th e
35
experim ental groups these values were reduced to  % *35 t  1 •! 
mlerograms p a r gnus and 0 .0  micr©grams per 100 c .e . fo r  l iv e r  
and blood plasma, re sp e c tiv e ly . th e  carotene content o f the 
l iv e r  o f chickens on th is  d ie ta ry  regime was unchanged, both 
values being a minimum, a® compared to the  groups fed the  
pigment-low d ie t  for two weeks, the carotene con ten t o f the 
blood plasma decreased from 1 1 .7  micro grams per 100 ©able 
cen tim eters In the co n tro ls  to  0.0  alerograne per 100 cubic 
cen tim eters in  the experimental groups. Absorption stud ies 
in d ica ted  th a t the d iffe ren ces  were not the  r e s u l t  o f an 
upset o f absorption in  the  vitamin A supplemented anim als. 
Over a period of one week, Approximately 75 percent o f the 
carotene and kO percent o f the caro teno ls consumed la  both 
con tro l and experimental group®, were absorbed or destroyed 
l a  the  d ig estiv e  t r a c t .
Deuel, Hrubets, Mattson, Morehouse and Hichardson (13) 
repo rted  a sim ilar depression in  carotenoid content o f the 
eggs, l iv e r  blood and body f a t  o f  hens as a r e s u l t  o f feeding 
ra tio n s  containing high le v e ls  o f vitam in A. Shark l iv e r  o i l  
contain ing  30,000 1 . 0 . o f  vitam in A per gram was added to a 
d ie t  contain ing  approximately 10 m illigram s o f  earote&oid* 
per pound in  such q u a n tit ie s  as to  Increase the  potency of 
the  d ie t  of the re sp ec tiv e  groups to 1O00, 3000, 15*000, 
30,000 and 100,000 1 . 0 . o f vitam in A per pound. A fter 75 
days the  3,000 and 15,000 X. 0. lev e l groups were discon­
tinued and ©ae-half of each group combined to form two new 
groups, which were fed  d ie ts  containing 60,000 and 300,000 
I .  U. o f vitam in A per pound, there was no a l te ra t io n  in
36
the pigment content of egg yolks fro® the groups fed 1000 
and 2000 1. 0. per pound hut a marked decrease was observed 
in  the 15*000 1, i .  lev e l group and the deer ease became pro­
g re ss iv e ly  g re a te r with each succeeding group, the yolks o f  
th s  eggs from hens rece iv ing  the d ie t  contain ing  200,000 
I* 0 . o f  vitam in A per pound contained only 25 percent as 
much carotenoid pigment as those from the c o n tro ls . The 
carotenoid content o f the blood serum and l iv e r  was progres­
s iv e ly  lowered In comparison with the co n tro ls  In  the groups 
rece iv in g  30#0O0 I .  ft* and higher le v e ls  bu t the result®  
wort s t a t i s t i c a l ly  s ig n if ic a n t only with the  two groups 
rece iv in g  the h ighest le v e ls , because o f the small number 
o f observations, The decrease in  blood serum and l iv e r  caro- 
teao id s  was g re a te r in  the group which had received  200,000 
I .  U. per pound fo r th ree  month® than In  th e  group th a t  had 
received  100,000 I .  f .  per pound fo r s ix  months, however, 
only the  group rece iv in g  the  100*000 I .  0. le v e l showed a 
marked lowering o f the carotenoid  content o f the body f a t .
Hub in  and Bird ( h j )  showed th a t the pigm ent-suppressing 
fa c to r  to  f l s b - l i v s r  o i l s  I s  vitam in A* Using basal d ie t  0 
o f Hammond and Ear thaw ( l6 ) ,  these authors obtained equiva­
le n t  d epression  o f the  oolor of the  shank from  9000 I .  0 . o f 
vitam in A per 10O gram® o f feed whether the vitam in A was 
from vitam in A eoneentrats* a vitam in A and. 0 feeding o i l  or 
c ry s ta l l in e  v lta a ia  A alcoho l. They a lso  demonstrated th a t 
the observed d iffe r e n c e s  were m anifested in  p a r t ,  a t l e a s t ,
In the  blood or o ther tissue® , and was not exclusively  an
3?
in te s t in a l  phenomena. Two group® o f chickens wars fad a 
non-pig»anted d ie t  fo r s ix  weeks, on© group rece iv ing  only 
enough vitamin A to support normal growth and the  o ther 
100*000 0 . S. B. u n its  o f vitam in A par 100 grams o f d ie t .
At the end o f th is  period both groups were fed the d ie t  0 
of Hammond and Earghaw (16) and shank pigment measured every 
two days fo r j 6 days. At the end o f th is  period  the low 
vitam in A in take  group showed 1.5  miurograms of xanthophyll 
and 1,112 b lue u n its  o f vitam in A p e r  gram o f l iv e r  and the 
high vitam in A In take group showed l . i i  micro grams o f xantho­
phyll and b lue u n its  o f vitam in A. The chicks with
the lower vitam in A s to re s  began to accumulate yellow pig­
ment in  th e ir  shanks a f te r  two days on the pigmented d ie t  
and reached a maximum a t 16 days. The chickens with the 
h igher vitamin A s to re s  accumulated no measurable q u a n titie s  
o f yellow pigment in  th e ir  shanks u n ti l  12 o r  Ik days and had 
not a tta in e d  the le v e l o f the former group a t  the end o f 
the  experiment.
Since Rubin and Bird (k?) demonstrated th a t c ry s ta l l in e  
vitam in A in h ib ite d  the deposition  o f yellow pigment in  the 
shanks of growing ehlekens, i t  i s  lo g ic a l to assume th a t the 
e f fe c ts  reported  by Beuel e t .  a l .  (11, 12 and 13) , Hammond 
and Ear aha w (16) ,  Hammond, l&dtsoa and M ille r (17) and 
Matt eon and Deuel ( 33) on the  carotenoid content o f th e ir  ex­
perim ental m a te ria ls  was due to  vitamin A. All o f these 
au thors were experimenting with vitam in A concentrates and 
the observed e f fe c ts  were in  r e la t io n  to vitam in A in tak e .
3$
fABLI 1. Composition of basal d ie t 3 &nd modifications
thereof used in  Experiment 1.
Component
3 3 3 3









Dried sklmmilk m 36 31 33 37
Calcium carbonate i 1 1 l l l
Sodium chloride i 1 1 l 1 l
God liv e r  o i l ## 2 2 2 2 2
Dehydrated grass 3 3 3 3 3 3
Soybean o i l  meal #1 - - 15 - - -
Menhaden meal §1 mm - - 15 - -
Meat scrap §1 - - - - 15
Mheat flour middlings 01 m- mm - mm - 15
Group
•  e s s
•  e s s
JL-i— JL.- ..5... 
©asal d ie t
♦Two percent o f dextrin!zed eorn starch was replaced 
by two per cent o f dried brewer* s yeast as a source o f B-com- 
plsx vitamins on 1/ 30AO.
**God liv e r  o i l  administered orally  1 /k  e . c .  the f ir s t  
week, 1 /2  e . c .  the second week and 1 e . c .  per week there­
after .
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m ateria l and u m o m
t r i a l * , Ten feed in g  experim ents have been 
conducted , s ix  a t  th e  U n iv e rs ity  o f  M aryland, C ollege Park, 
M aryland, and fo u r a t  th e  Maine A g ric u ltu ra l  Experiment 
S ta t io n ,  Orono, Maine* In  a l l  experim ents th e  ch ick s  were 
d i s t r ib u t e d  a t  random by a  system th a t  r e s u l te d  l a  app rox i­
m ately  equal d i s t r i b u t io n  o f  s t a r t in g  l i v e  w eights and o f  
th e  sexes in  eaoh l o t .  the ch ick s  were brooded in  e l e c t r i ­
c a l ly  h ea ted  b a t te r y  b ro o d ers  in  a steam h ea ted  room. The 
d i e t s  were su p p lied  ad l ib i tu m . In  th e  experim ents con­
du c ted  a t  th e  U n iv e rs ity  o f  M aryland, th e  ch ick s  were weighed 
weekly. In  th o se  a t  th e  Maine A g r ic u ltu ra l  Experiment 
S ta tio n  w eighings were made b iw eekly , w ith  th e  ex cep tio n  o f  
experim ent 9 in  which they  were weighed weekly.
1 . This experim ent was designed  to  ex p e ri­
m en ta lly  t e s t  th e  p re v io u s ly  p o s tu la te d  h y p o th e s is  th a t  d ie ­
ta r y  f a c to r s ,  o th e r  than  th e  amount o f  pigm ent in  th e  d ie t  
a f f e c te d  th e  amount o f  pigm ent d e p o s ite d  in  th e  shanks o f  
growing ch ick s and to  I s o la t e  th e  components o f  th e  r a t io n  
re s p o n s ib le  fo r  t h i s  su pp ression  o f  p ig m en ta tio n . This 
experim ent was s ta r t e d  on 1/ 10/hO and te rm in a ted  2/ 22/bO.
I t  c o n s is te d  o f s ix  groups o f 25 ^ h l te  Wyandotte male x New 
Hampshire fem ale c ro ssb red  c h ic k s . Color sco re s  were taken 
when th e  ch ickens were f iv e  and s ix  weeks o f  age.
The d ie t s  used a r e  d e sc rib ed  l a  Table 1 . A ll supple­
ments were Included  l a  th e  d i e t  a t  th e  expense o f  d e x t r ia -  
i i i d  corn s ta rc h  and d r ie d  sk lm sllk  in  such a manner as to
Ho
TABLE 2. Com positions o f  b a sa l d i e t s  7 and S and m od ifi­
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Ground yellow  corn - - - - 53 63
D ehydrated g ra s s 3 3 3 3 • -
D ried sk iam llk H2 IS 15 2k hh 20
Meat sc ra p s  #1 - 15 - - - 15
Menhaden meal H - - 15 - - -
Soybean o i l  meal #1 - - - 15 - -
Ground o y s te r  s h e l l 1 - - 1 1
Steamed bone meal - • - 1 - -
S a lt 1 1 1 1 1 1
Manganese su lp h a te 0 .012 0 .012 0 .012 0 .012 0 .012 0 .012
Cod l i r s r  o i l 1 1 1 1 1 1
M
m ain ta in  th e  p r o te in  le v e l  c o n s ta n t In  a l l  g ro u p s. Ths 
d i e t s  wars mixed in  such Q uantities as to l a s t  app rox im ately  
one week.
Experiment 2. This experim ent was designed  to  t e s t  th e  
p o s s i b i l i t y  o f  s im p lify in g  th e  p re p a ra tio n  o f  th s  b a sa l d i e t .  
In  some groups ground w hite eorn was s u b s t i tu te d  fo r  th e  dsx- 
t r in ix s d  s ta rc h  and in  o th e rs  ground yellow  corn was s u b s t i ­
tu te d  fo r  th e  d e x tr in ix e d  s ta rc h  and d ehydra ted  g r a s s ,  These 
s u b s t i tu t io n s  made th e  b a sa l d i e t  much l e s s  la b o r io u s  to  p re ­
p a re  and d ecreased  th e  la x a t iv e  e f f e c t  o f  th e  skim m ilk. I t  
a lso  served  a s  a check on d i f f e r e n t  sou rces o f  p ip a e n t .
The experim ent was s ta r t e d  on 2/23/kO  and c o n s is te d  o f  
s ix  groups o f  te n  Bho&e Is la n d  Bed ch ick s  p a r  group. Groups 
one to  fo u r , in c lu s iv e ,  were te rm in a ted  on h / l l / h o  and 
groups f iv e  and s ix  were con tinued  to  n ine  weeks o f  age, 
b e in g  te rm in a ted  on 5 /9 A $ . Color sco re s  o f  th e  shanks o f  
th s  ch ickens o f  a l l  groups were tak en  a t  f iv e  and seven 
weeks o f  age and o f  groups f iv e  and s ix  on ly  a t  e ig h t  and 
n in e  weeks o f age.
The d ie t s  used a re  d e sc rib ed  in  f a b le  2. i l l  supp le­
m ents were in c lu d ed  in  the  d ie t  a t  th e  expense o f  th e  corn  
and d r ie d  skimmilk in  such a manner a s  to  m a in ta in  th e  pro­
t e in  le v e l  c o n s ta n t l a  a l l  g roups. The d i e t s  were mixed in  
such q u a n tit ie s  a s  to  l a s t  approx im ately  one week.
te > e rli ie n t S ince fxperim ents 1 and 2 showed conclu­
s iv e ly  th a t  c e r t a in  feed stu ff®  had suppressed th e  d e p o s it io n  
o f  ye llow  pigm ent l a  th e  shanks o f  yoaag ch ick s  fed  th e  ex-
TABL& 3 . D ie t s  u se d  i n  s x p e r la s n t  3
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3 1 0 3 1 0
3 1 0 s 1 0
©round f 9 llovr oorn 
©round heavy oats  
©heat bran
©hoat f lo u r  m id d lin g s  
AX f f i l  fa  1 e&f r« s a l  
Cor? ‘'u te n  nisal 
Soybsr 4 o i l  msal IX 
Heat ^crap IX 
Menhad-m a s a l H  
P r l od XiC
P r is e  B utt a m i Ik 
Cod l i v e r  o i l  
©roMiu o y s t e r  s h e l l  
S to n e d  bene a m l  
Curbay 13- (A 
fca&g&nas* su lp h a te
2 6 .5 ! 2 6 .5
«
s 37.510 : 10 t 10
10 ; 10 I 10
10 ; 10 3 10
5 ♦ j*•  *f t f*e
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p e rim e n ta l d ie t® , Experiment 3 was d esigned  to  d eterm ine  i f  
s im ila r  a f f e c t s  could  fee observed in  b ro ile r®  fed  s tan d ard  
b r o i l e r  ®ashe®.
Experiment 3 was s ta r te d  on 7/2/hO and te rm in a ted  when 
th e  ch ickens were te n  weeks o ld .  I t  c o n s is te d  o f  e ig h t 
g roups o f  25 Hhode Is la n d  Red ch ick s p er group. Color score® 
o f  th e  shanks were taken  a t  fo u r , f iv e ,  n in e  and ten  week® 
o f  age .
The com position o f  th e  d i e t s  o f th e  r e s p e c t iv e  group® 
a re  g iven  in  Table 3*
Experiment k . Only one brand each o f  meat scrap®, men­
haden s e a l  and soybean o i l  meal had been used in  Experim ents 
1 , 2 and 3 . In  Experiment h , th e se  b rands were r e te s te d  and
a lso  Inc lu d ed  were sample® o f  each o f  50 p e rc e n t p ro te in
meat scrap® and o f  steam d r ie d  menhaden m eal. 'A ls o , a com­
b in a t io n  o f meat sc rap  and soybean o i l  meal wa® fed  one 
group to  t e s t  th e  supplem entary e f f e c t  o f th e se  two sub­
s ta n c e s .
T his experim ent was s t a r t e d  on 9/2k/kO and con tinued  
fo r  a p e rio d  o f  s ix  weeks th e r e a f t e r .  I t  c o n s is te d  o f  e i^ b t 
groups o f 25 B'cw Hampshire chick® p er group. Color score® 
were taken  a t  fo u r and s ix  weeks o f  age .
The com position  o f  th e  d i e t s  a re  g iven  in  Table k .
Experiment Experiment 5 was d esigned  to  t e s t  th e  
pigm ent in h ib i t in g  e f f e c t  o f  th e  e th e r  so lu b le  f r a c t io n  o f  
meat s c ra p s . This experim ent wa® s ta r t e d  on 3 / lS /k l  and
con tin u ed  fo r  fo u r weeks. I t  co n sisted  o f  seven groups o f
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% £ s $  : % s %
Ground y e llo w  co rn 53 6  k 6  k 61 : 61 s 5? * 61
D ried  skiram ilk k'ti, 19 19
* J I
22 s 22 s 2k  s 22
Meat s c ra p - - •
* * 2 
15* s 15** ! * : 7 . 5*t 9 *
Menhaden m eal mm 15* 13—
•  f  ♦
— 1 s «* s *
•  * •
Soybean o i l  meal Ho. 1 - • • ! -  ! 15 i 7 . 5
i  9 •
Ground o y s te r  s h e l l 1 * -
•  « * 
t  * *  s 1 :  ~
9  * *
Steam ed bon© m eal • mm -
«  # * 
s :  1 s
•  « t
S a l t 1 1 L 1 : 1 s i  : 1 
•  *  ♦
Cod l i v e r  o i l 1 1 1
1 * *
1 s l  s i  s i
Mana&ne s e s u lp h a t  e . . . l u O l g 0 .012 0 .012
2 2 *
. . . . . . . 1L. I . . .  ...mi.: ii 9. yÔ LS
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*Meat scrap  (50.$ p r o te in )  Mo. 1.
**Meat s c ra p  ( 50% p r o te in )  Mo. 2.
w-'Menhaden meal Ho. 1.
•^Menhaden meal Mo. 2,
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% % % % % : % %
ground  y e llo w  co rn 47.75 *47-75 *47.75 *47*75 47-75 47-75 *47.75
P r ie d  skim m ilk H5.0 2*1.0 *45.0 2*1.0 21*.0 ! 1*5.0 *15.0
Calcium  c a rb o n a te 1 .0 1 .0 1 .0 1 .0 1.0 5 1.0 1 .0
Sodium c h lo r id e 1 .0 1 .0 1 .0 1.0 i .o  : i .o 1 .0
Cod l i v e r  o i l 0 .2 5 0 .2 5 0 .2 5 0 .2 5 1.0 * 0.25 0 .2 5
M anganese s u lp h a te 0 .0 1 2 0 .0 1 2 0 .0 1 2 0 .0 1 2 0.012 • 0.012 o.oi;
Corn s ta r c h 5-0 1 1 .0 0 .5 1 3 .2 11.0 5 1.6 2 .5
M eat sc ra p  #1 1 5 .0 - 15 .o ; - *
3 th e r  e x t r a c t  o f  m eat sc rap * — — *4.5 - -  —
R esidue  o f  e th e r  e x t r a c t io n * - - - 1 2 .S ~ ' - -
N o n -s a p o n if ia b le  f r a c t io n * - - - - : 3 .4 -
S a p o n if ia b le  f r a c t io n * - - - - * mm
* These f r a c t i o n s  supp lem ented  a t  a  l e v e l  e q u iv a le n t  to  JO p e r c e n t  o f  m eat s c ra p .
The y ie ld  o f  th e  v a r io u s  f r a c t i o n s  was as fo l lo w s :
1 gram r e s id u e  e q u iv a le n t  to  1.17  gram m eat s c ra p .
1 gram e th e r  e x t r a c t  e q u iv a le n t  to  6.7*4 gram meat s c ra p .
1 gram s a p o n if ie d  f r a c t i o n  e q u iv a le n t  to  12 gram m eat s c ra p .
1 gram 1 m sap o n ified  f r a c t i o n  e q u iv a le n t  to  9 gram m eat s c ra p .
25 tfh ite  L #$iora c o c k e re ls  per group. Color scores were 
tak en  a t  fo u r weeks o f age .
fa#  f r a c t io n s  used in  t h i s  experim ent were p rep ared  
from a l o t  o f  meat scrap  io .  1 . The meat sc rap  m s  ex­
t r a c te d  w ith  e th e r  in  a so x h le t type  e x tra c to r  fo r  UB h o u rs . 
O n e-h a lf o f  th e  e th e r  e x t r a c t  was sa p o n ifie d  by r e f lu x ln g  
w ith  10 p e rc e n t a lc o h o lic  potassium  h y d ro x id e , th e  unsapoal- 
f ia to le  f r a c t io n  was extracted  w ith  e th e r  and th e  sa p o n ifia b le  
m a tte r  a c id i f ie d  and fed  a s  f r e e  f a t t y  a c id s ,  the y ie ld s  
were a s  fo llo w s:
One gram o f  r e s id u e  eq u iv a le n t to  1 .1 ?  grams 
m eat s c ra p s .
On® gram o f  e th e r  e x t ra c t  e q u iv a le n t to  6 . 7k 
grams o f  meat s c ra p s .
One gram o f  sa p o n if ie d  f r a c t io n  eq u iv a le n t to  
12 .0  grams o f  meat sc ra p s .
One gram o f u a sap o n if ied  f r a c t io n  e q u iv a le n t 
to  9 .0  grams o f  meat s c ra p s .
th e  b a sa l r a t i o n  was m odified  by th e  s u b s t i tu t io n  o f  
5 .0  p e rc e n t corn  s ta r c h  fo r  5*0 p e rc e n t yellow  corn l a  o rd e r  
th a t  th e  source o f  yellow  pigm ent in  th e  d i e t  could  be h e ld  
c o n s ta n t .  A ll e x t r a c ts  were s u b s t i tu te d  fo r  corn  s ta rc h  a t  
a l e v e l  e q u iv a le n t to  JO p e rc e n t o f  meat scr& os, w ith  th e  
ex cep tio n  o f th e  r e s id u e  o f  e th e r  e x t r a c t io n .  Die re s id u e  
was s u b s t i tu te d  a t  a le v e l  e q u iv a le n t to  15 p e rc e n t o f  meat 
sc ra p s  due to  i t s  h ig h  p ro te in  c o n te n t. The skimmilk and 
s ta rc h  co n ten t was v a r ie d  in  each d i e t  in  such a manner as  
to  m a in ta in  th e  p r o te in  a t  a c o n s ta n t l e v e l .  The d i e t s  o f  
th e  v a r io u s  groups a re  d e sc r ib e d  in  d e t a i l  l a  Table 5*
*7











X- . 2  _ JL ...... .......L ................... M . H....................._
% % % % % *
Ground yellow  corn 40 40 HO HO ko HO
Ground wheat 20 20 20 20 30 20
llheat b ran 5 5 5 5 5 5
A lf a lf a  l e a f  meal 3 3 3 3 3 3
P rie d  sklmmilk. 10 10 10 10 xo 10
Casein 9 1 .5 1 .5 - 9 9
Corn s ta rc h 7-5 3 .5 3 .5 1 .5 6.5 7 .5
Ground o y s te r  s h e l l l - - 1 - 1
Steamed bone meal 2 .5 - - 2 .5 - 2 .5
Sodium c h lo r id e l l 1 1 1 1
Cod l i v e r  o i l 1 1 1 1 1 1
Meat sc rap  #1 - 15 _ - - -
Meat sc rap  #3 - -m* 15
Blood meal #1 15 wm -
Ash meat sc rap  #1 - - • - 4 .5 -
F e r r ic  ammonium s u l f a t e - - « - -
m
Experiment 6 . Experiment 6 was s t a r t e d  on 10 /15A 1 and 
c o n s is te d  o f  25 'r̂ b ite  Wyandotte s a l  a x Haw Hampshire fem ale 
ch ick s  p ar group. Golor scores wars taken  a t  fo u r , f iv e  and 
s ix  weeks o f  age .
Xnelttdod were groups re c e iv in g  a th ird  sample o f  n e a t 
s c ra p s , d r ie d  blood s e a l ,  th e  ash  o f  meat sc ra p s  No. 1 , and
f e r r i c  ammonium su lp h a te  w ith  iro n  e q u iv a le n t to  th e  Iro n
co n te n t o f  th e  ash  o f  meat sc ra p s  No. 1 . Meat sc rap s  lo .  1
co n ta in ed  30 p e rc e n t ash  and 0 .0 k  p e rc e n t i r o n .
th e  b a sa l r a t io n  used in  ixperim ent 6 was m odified  in  
such a manner a s  to  more c lo s e ly  approach a  p r a c t i c a l  r a t io n  
th a n  d id  r a t io n  $ o r  Bk* Casein was s u b s t i tu te d  fo r  a p o r­
t io n  o f  th e  d r ie d  sklm m llk, and wheat and a l f a l f a  meal sub­
s t i t u t e d  fo r  a  p o r t io n  o f  th e  yellow  co rn . The d i e t s  o f  th e  
r e s p e c t iv e  groups a re  d e sc r ib e d  in  Table 6 .
Experiment X- Experiment 7 was d esig n ed  as  a p re lim i­
n ary  experim ent to  re a e q u a in t th e  w r i te r  w ith  th e  experimen­
t a l  te ch n iq u e  and to  e s ta b l i s h  su p p lie s  o f  f© ed stu ffs  th a t  
m an ife s ted  th e  p ig m en t-su p p ressin g  e f f e c t .
This experiment was s ta r t e d  on 9 /1 B/k6  and c o n s is te d  o f  
seven groups o f  16 Rhode I s la n d  Bed ch ickens p e r  g roup . I t  
was o f  5 weeks d u ra tio n  and c o lo r  sco re s  were taken  on ly  a t  
th e  te rm in a tio n  o f  th e  experim en t. The method o f  d e te r ­
m ining c o lo r  sc o re s  w i l l  be d isc u sse d  in  d e t a i l  l a t e r .
The in c o rp o ra tio n  o f  c a se in  in to  th e  b a s a l d i e t  l a  
Experim ent 6 had proved b e n e f ic ia l  in  e lim in a tin g  th e  un­
d e s i r a b le  la x a t iv e  q u a l i t i e s  o f  th e  excess sklmmllk and i t
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TABLE ?. Composition o f d ie ts  used In Experiment ?.
Component Qpoudi
1 2 , k 6











Com g lu te n  meal 1? 13 13 13 13 13 13
A lf a l f a  meal 5 5 5 5 5 5 5
D ried  ek lm ailk 27 8 6 2 24 8 2
F ish  meal b ase  
v ita m in  c a r r i e r mm 15 • «*» -
Meat and bone sc ra p  Wo. 1 mm 15 - ** 15
F ish  meal Ho. 3 mm mm - 15 15
Cod l i v e r  o i l  (850) mm mm mm - 3 3 3
Corn s ta r c h - 8 ;9 13 - 5 10










Manganese su lp h a te  ( g . ) : 6
►
6 6 6 6 6 6
D tla ftM N l.lcJ L  --------- -- _ ; . , n „ .23.. ?..« .. ,23, L..22L. S3.. ..23
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was deemed d e s ira b le  to  r e ta in  th i s  f e a tu re  o f th e  d i e t .  At 
the beg inn ing  o f Experim ent 7* however, I t  was Im possib le to  
se cu re  c a s e in . Soybean o i l  meal was e lim in a te d  as a source  
o f  p r o te in  because o f it® p re v io u s ly  dem onstrated  (Experim ent 
2) p ig m en t-su p p ressin g  p r o p e r t ie s .  In  view o f  th i s  i t  was 
d ec ided  to  use yellow  corn g lu te n  meal as a source o f  p ro ­
te in .  f h l s  f e e d s tu f f  had n o t been p re v io u s ly  te s te d  to  de­
term ine what e f f e c t  i t  m ight have on p ig m en ta tio n , b u t s in c e  
yellow  corn had been s a t i s f a c t o r i l y  u sed , i t  was assumed th a t  
©ora g lu te n  meal would be s a t i s f a c to r y .  As c a se in  was a v a i l ­
ab le  fo r  Experim ent d and subsequent experim en ts , no more 
corn g lu te n  meal vs<s used and com parative t e s t s  to  determ ine 
th e  e f f e c t s  o f the  in c lu s io n  o f th is  f e e d s tu f f  in  the  d i e t  
were n o t conducted.
One sample o f ^5 p e rc e n t p ro te in  meat and bone s c ra p s , 
one sample f i s h  m eal, on© sample o f a f i s h  mesi base v itam in  
c a r r i e r ,  one sample o f  cod l i v e r  o i l  and th e  supplem entary 
e f f e c t s  o f each o f th ese  p ro d u c ts  and cod l i v e r  o i l  were 
te s te d .
A ll supplem ents were in c o rp o ra te d  in to  the  b a sa l d ie t  
a t  th e  expense o f d r ie d  sklmmilk end corn s ta r c h ,  in  such a 
manner as to  m ain ta in  the  p ro te in  a t  a n e a r ly  c o n s ta n t le v e l ,  
fh e  d ie t s  used in  th i s  experim ent a re  d e sc r ib e d  in  f a b le  ?•
Experim ent S. f h l s  experim ent was d esigned  to  t e s t  the 
e f f e c t  o f h e a t tre a tm e n t on the supplem ents which had been 
shown in  Experim ent 7 to  possess the pigm ent su p p ress in g  
p r o p e r t ie s .  Experim ent 6 was s ta r t e d  j / l j / k j  and te rm in a ted
TABLE 8 . B asa l d i e t  and su p p lem en ts  t h e r e to  u sed  In  E xperim ent 8,
Component . . . . . ........ . . . . . ..... .. . . . . . . . . . . . . . . . . . . ...Q som a.. .. - . .. . . . . ...... . —... -  . _____
1 & 3 2 A 5 a & 7 6 & Ik 8 * 9 10 & 13 11 & 12
G round y e llo w  c o rn 62.925
%
62.925 62.925 62.925 62.925 62 .95
i
62.925
A l f a l f a  l e a f  m eal 2 .000 2.000 2.000 2 .000 2 .000 2.00 2.000
D rie d  sk im m ilk 12.000 8 .000 12.000 12.000 8 .000 20 .00 8 .000
C a se in 2.000 - 2.000 2 .000 10 .00
F is h  m eal Ho. 3 • mm * mm - - 20 .000
Meat and bone s c ra p s  Ho. 1 - - - 20.000 • -
A u to o lav ed  f i s h  m eal No. 3 21.700 - mm mm mm •
D ry -h e a te d  f i s h  m eal Ho. 3 - mm - 18.880 -
A u to o lav ed  meat and bone 
eor&ps Ho. 1 20.00 - mrn mm- mm mm
D ry -h e a te d  m eat and bone 
s c ra p s  No. 1 * 19.120 -
Corn s t a r c h - 3.800 0.880 - 6 .620 ■mm 5 .500
Steam ed bone m eal * - - - 2 .50 mm
Mloo 1.000 1.500 1.000 1.000 1 .500 2 .50 1 .500
D e ls t e r o l 0 .050 0 .050 0.050 0 .050 l 0 .050 0 .05 0 .500
M anganese s u lp h a te 0.025 0.025 0.025 P .025 : 0.025 . . J L lS21
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f iv e  weeks l a t e r .  I t  c o n s is te d  o f I k  groups o f  e ig h t Bhode 
I s la n d  le d  co c k e re ls  and seven d ie t s  were t e s te d  In  d u p li­
c a te .  C olor sco re s  were taken  a t  f iv e  weeks of age.
two method® o f h e a t  tre a tm e n t o f  the  © eat and hone 
sc ra p s  and f i s h  meal were used . One was autocl& vlng and th e  
o th e r  was d ry -h e a t tre a tm e n t.
f r i e r  to  tre a tm e n t, a q u a n ti ty  o f  th e  sample c a lc u la te d  
as s u f f i c i e n t  to  com plete the  p lanned experim en t, 13 k i lo ­
grams in  th i s  c a se , was thorough ly  mixed #nd sampled accord ­
ing  to  the  fo llo w in g  p la n . A fte r  thoroughly  m ixing, th e  
sample was d iv id ed  in to  s ix  approx im ately  equa l part® by 
p a s s in g  l in e s  o f c leav ag e  through the c e n te r  o f  the  p i l e  a t  
app rox im ate ly  60 d eg rees a n g le . The o p p o s ite  s ix th s  were 
then  combined and mixed tho rough ly , fro® th e se  th re e  p o r­
t io n s  o f  the o r ig in a l  sam ple, kOQO grams o f each were used , 
one f o r  a u to e la v ia g , on® fo r  d ry -h e a t tre a tm e n t and the  o th e r  
as c o n t ro l .
The d ry -h e a t tre a tm en t c o n s is te d  o f  k& hours a t  76°C in  
a s team -h ea ted  d ry in g  room, th e  sam ples were sp read  on 
w rapping p aper in  uniform  la y e rs  approx im ately  o n e -h a lf  inch  
in  th ic k n e ss  and p la c e d  on d ry in g  rack® fo r  tre a tm e n t. The 
d ry in g  rack s were so arran g ed  as to  a llow  f re e  c i r c u la t i o n .  
Three rack s  were re q u ire d  fo r  each sample and th e  racks 
h o ld in g  each sample were p laced  in  t i e r s  in  a d ja c e n t fram es. 
Tem perature was reco rd ed  approx im ately  o n e -h a lf  inch  above 
th e  s u r fa c e  o f  th e  m iddle d ry in g  ra c k . The tem pera tu re  was 
v ery  c o n s ta n t and th e  h e a t evenly  d i s t r ib u te d  over th e  a re a
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o f  th e  two ra c k s  u sed . These rac k s  were l a  th e  approxim ate 
c e n te r  o f  th e  drying room. The samples o f  f i s h  meal and 
meat and toom  sc ra p s  were t r e a te d  s im u ltan eo u sly .
For au toclaw ing , th e  samples were sp read  In  uniform  
la y e r s  o f  approx im ately  one in ch  in  th ic k n e s s  in  w hite  por­
c e la in  pane and autoclaw ed a t  15 pounds o f  p re s s u re ,  th e  
m eat and bone sc rap e  were autoclaw ed fo r  s ix  hours and th e  
f i s h  meal was autoclaw ed fo r  a p e rio d  o f  o n ly  fo u r hours due 
to  m echanical f a i l u r e  o f  th e  auto c l  awe. A fte r  rsmowal from 
th e  au to  claw e, th e  samples were spread  l a  th in  la y e r s  and 
a i r  d r ie d  fo r  kB hou rs p r io r  to  in c o rp o ra tio n  l a to  th e  d i e t .  
D uring th e  d ry in g  p ro c e s s , th e  samples were s t i r r e d  f r e ­
q u e n tly  and e f f o r t s  were made to  p re s s  ou t a l l  lumps th a t  
were form ed. These e f f o r t s  were no t 100 p e rc e n t e f fe c t!w s , 
th e re fo re  a f t e r  d ry in g  was com plete, th e  sam ples were p re sse d  
th rough  th e  f i n e s t  mesh slew s th a t  would p a ss  com pletely  th e  
o r ig in a l  p ro d u c t.
Swtry p re c a u tio n  was tak en  to  make each t r a n s f e r  o f  th e  
sam ples q u a n t i ta t lw e . I t  i s  reco g n ised  th a t  t h i s  i s  impos­
s ib l e  in  sam ples o f  t h i s  s iz e ,  n e v e r th e le s s , i t  was assumed 
th a t  any change In  w eight was due to  tre a tm e n t. The t r e a te d  
sam ples were In co rp o ra ted  in to  th e  d i e t  a t  a lew el ca lcu ­
l a t e d ,  on th e  b a s is  o f  p e rce n tag e  reco v e ry , to  tot e q u iv a le n t 
t© a I tw s l  o f  20 p e rc e n t o f  the  o r ig in a l  p ro d u c t. The p e r­
cen tag e  reco v ery  o f  th e  v a r io u s  samples was a s  fo llo w s:
D ry-heat t r e a te d  f i s h  s e a l  -  9^*^ p e rc e n t .
Dry-he&t t r e a te d  meat and toons sc rap s  -  95*6 p e rc e n t
5%
A steelaved f i s h  meal •  I0&.5 p ercen t.
A atoclaved meat and bone sc ra p s  -  101 p e rc e n t .
The sm all d if f e re n c e  between th e  au to c lav ed  meat and b o a t 
sc rap  a and th e  o r ig in a l  sample was ig n o red , lb s  d r ie d  skim- 
m ilk  aM  c a se in  c o n te n t o f  th e  d i e t s  l a i  v a r ie d  to  m a in ta in  
th e  p ro te in  le v e l  c o n s ta n t between th e  groups . Corn s ta rc h  
m s  used a s  f i l l e r  in  th e  d i e t s  where necessary*  The d i e t s  
o f  th e  r e s p e c t iv e  groups a re  d e sc rib ed  in  Table § .
Experiment 9* Experiment 9 m s  d esig n ed  to  determ ine  
i f  th e  meat and bone sc rap s  used in  Sxpsrlm ente J  $ was 
cap ab le  o f  d estroy in g  c a ro ten e  a s  re p o r te d  by Sherwood and 
f*aps (53) i f  so , was t h i s  c a ro te n e -d e s tro y in g  power
a s s o c ia te d  w ith  the p ig m en t-su p p ressin g  f a c t o r .
T his experim ent c o n s is te d  o f  IS groups o f Rhode Is la n d  
Bed ch ick en s . I t  was s ta r te d  on S /30/47 end te rm in a te d
9 /2 H A 7 '
With th e  ex c ep tio n  o f  th e  n e g a tiv e  c o n tro l  d ie t® , a l l  
d i e t s  were fed  to  d u p l ic a te  groups o f  n ine  chicken® p e r 
g roup . The n e g a tiv e  c o n tro l  d i e t s  were fed  to  only  one 
group o f  15 ch ickens each.
The ch ickens were observed c lo s e ly  fo r  the  appearanee 
o f  th e  e x te rn a l symptoms o f  v itam in  A d e f ic ie n c y  and th e  d a te  
©f t h e i r  appearance re c o rd e d . A utopsies were perform ed on 
a i l  ch ick en s  th a t  d ie d  d u rin g  th e  ex p erim en ta l p eriod . In 
a n a ly s is  o f  th e  r e s u l t s ,  on ly  th o se  b i rd s  th a t  had e x h ib ite d  
a ta x ia  p r io r  to  d e a th  and had d e p o s its  o f  u r a te s  in  th e  k id ­
neys and u reters on au topsy  were co n s id ered  a s  having d ied
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o f  v itam in  A d e f ic ie n c y . The l a t e s t  and most com plete des­
c r ip t i o n  o f  th e se  symptoms I s  g iven  by Taylor and B u sse ll
(5 7 ) .
The b a sa l d i e t  used was a v itam in  A d e f ic ie n t  d i e t  
which was b e in g  used in  an o th er p r o je c t  a t  th e  Maine Agri­
c u l tu r a l  Experiment S ta tio n  and supported  good, though s o t  
maximum, growth when supplem ented w ith  adequate  v itam in  A. 
A lf a lf a  l e a f  meal was used as a source o f  v itam in  A. The 
a l f a l f a  l e a f  meal was in c o rp o ra te d  in to  th e  d i e t  a t  th e  ex­
pense o f  c a se in  and corn s ta ro h  in  such a  manner as  to  main­
ta in  th e  p ro te in  c o n ten t o f  th e  v a r io u s  d i e t s  a t  a c o n s ta n t 
l e v e l .  The com position  o f  th e  d i e t s  o f  th e  r e s p e c t iv e  
g roups i s  g iven  in  f a b le  f .
At th e  b eg inn ing  o f  t h i s  experim ent i t  was p lanned  to  
m easure shank p ig m en ta tio n  a t  f iv e  weeks and each week th e r e ­
a f t e r  u n t i l  th e  te rm in a tio n  o f  th e  experim en t. Scoring th e  
shank c o lo r  o f  th e  groups th a t  were expected , on th e  b a s is  o f  
p re v io u s  ex p e rim en ta tio n , to  have th e  l ig h te d  and d a rk e s t 
co lo re d  shanks a t  f iv e  weeks o f  age, re v e a le d  no m easurab le 
d i f f e re n c e s  between th e se  groups, a l l  sc o re s  be ing  a m ini­
mum. T h ere fo re , th e  measurement o f  th e  shank c o lo r  sco re  
in  t h i s  experim ent was abandoned.
The o r ig in a l  p la n  was to  co n tin u e  Experiment 9 fo r  
s ig h t  weeks, bu t s in c e  th e  r e s u l t s ,  as  f a r  a s  bo th  th e  ca ro ­
te n e  d e s tro y in g  power and th e  p ig m en t-su p p ress in g  f a c to r  in  
th e  meat and bone sc ra p , were e s s e n t i a l ly  n e g a tiv e , i t  was 
d isc o n tin u e d  a f t e r  f iv e  weeks.
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Experiment 1 0 . J&xperlment 10 Inc lu d ed  a new sample each 
o f  50 p e rc e n t p ro te in  meat scrap® and 60 p e rc e n t p ro te in  f i s h  
meal a® w ell as th e  meat and bone sc rap s  and f i s h  meal used 
In  Experim ents 7 and B and au to c lav sd  samples o f  each o f  
th e s e  p ro d u c ts , fh® t r e a te d  sam ples in  t h i s  experim ent were 
autoclaw ed fo r  e ig h t hour® a t  a p re s su re  o f  15 pounds. O ther­
w ise th e  trea tm en t m s  I d e n t ic a l  w ith  th a t  o f  th e  autoclaw ed 
sam ples o f  Experiment B. The re c o v e r ie s ,  which ranged from 
3997 to  4020 grams as  compared to  an o r ig in a l  sample o f  4000 
gram®, were co n s id e red  a s  100 p e rc e n t, and were in c lu d ed  l a  
th e  r a t io n  on th a t  b a s is .
f h l s  experim ent was s ta r t e d  on i /2 9 /4 7  and te rm in a te d  
9/26/47* I t  c o n s is te d  o f  n in e  groups o f 17 Rhode I s la n d  Red 
ch ick en s p e r g roup . Color sco re s  were taken  a t  the  t e r ­
m in a tio n  o f  th e  experim ent.
The d ie t s  o f  th e  r e s p e c tiv e  groups a re  d e sc rib e d  in  
d e t a i l  in  Table 10.
Methods o f  m easuring shank p ig m e n ta tio n . The c o lo r o f  
th e  shank® o f th e  chicken® in  Experiment® 1 through 6, in ­
c lu s iv e ,  was m easured by use o f th e  y o lk -c o lo r - ro to r  o f  
Heiman and Carver ( IS ) .  Hie y o lk -o o 1o r - r o to r  consist®  o f  a 
s e r ie s  o f  24 g la s s  disc® , v ary ing  in  c o lo r  from whit® through 
very  deep o range, mounted on a b la ck , wooden d is c .  Hie 
wooden d is c  i s  mounted a t  a s l ig h t  ang le  and can be r o ta te d  
so a s  to  b r in g  every d is c  in to  th e  same p o s i t io n .  This 
allow® fo r  each re a d in g  to  be tak en  in  e x a c tly  the same 
l i g h t ,  p rov ided  th e  source o f  l i g h t  remain® c o n s ta n t. A ll
fABLE 10. Composition of d i e t s  used in  Experiment 10.
Component Grout)
1 2 Vj h 5 6 ? 8 S 9/sFp
„ nj n mi 1 nr '/ft % )l 4 i i $ * %
Ground yellow oorn 6i.m 6 l  • 88 61.90 61.88 61.88 6 l ,  88 61 .88 61 .88  : 61.88
A lf a l f a  l e a f  meal 2.00 2 . 0 0 2 .0 0 2 . 0 0 2.00 2.00 2.00 2.00 : 2.00
Dried skimmilk 8 . 0 0 1 2 . 0 0 20 .0 0 8 . n o B.oo 8.00 8.00 12.00 : 8.00
Casein - 2 . 0 0 10 .0 0 2.73 - - 2.73 2.00 : -
Fish  meal Mo. 3 2 0 . 0 0 «. - • mm * m
Fish  meal Mo. k - ** - • 20,00 • • «* I m
Meat and bone scraps Mo. 1 - - — «. m - - 20.00 : -
Meat scraps Mo. h - - * 20.00 mm J m
Autoolaved f i s h  meal Mo. 3 w. - - 20.00 m ~ ; -
Autoolaved f i s h  meal No. & 
Autoel&ved meat and
*• *•* ** ** : 20.00••
bone scraps Mo. 1 
Autoolaved meat scraps
** 2 0 . n o *• «■» * «*» 
•
Mo. 4 m — 2 0 , 00 «•» : mm J mm
Corn s ta rc h 5 . 5 0 - • 3 . 2 ? 5.50 5.50 J.21 ; 5.50
Steamed bone meal - - 2 .5 0 - • mm J mm
Mioo 1 .5 0 1.00 2 .5 0 1 . 0 0 1 .50 1 . 5 0 1 . 0 0 1.00 : 1.50
Manganese s u l f a t e 0 . 0 2 0 . 0 2 - 0 . 0 2 0.02 0.02 0.02 0.02 : 0.02
S a l t 1 .0 0 1.00 1 . 0 0 1 . 0 0 1.00 1.00 1.00 1.00 : 1.00
D ele te ro l 0 .1 0 0.10 0 . 1 0 0 , 1 0 o .io  : 0 . 1 0 0.10 0.10 : 0.10
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re a d in g s  were taken  by th e  same in d iv id u a l w ithou t h i s  
hav ing  o rev iau s  knowledge o f th e  d i e t  r e c e iv e d . At th e  l a s t  
re a d in g  th e  ch ick s from the  v a r io u s  groups were mixed and 
t h e i r  c o lo r  sco re  determ ined  thus e lim in a tin g  e n t i r e ly  th e  
p o s s i b i l i t y  o f th e  in d iv id u a l read in g s  in  a group being  
b ia se d  by th e  group as  a whole.
The num erical sco re s  o f th e  y o lk -c o lo r - ro to r  p e r t in e n t  
to  t h i s  d a ta  may be d e sc rib ed  in  term s o f  yellow  c o lo r  as 
follows** 5 and 6 p r a c t i c a l l y  no yellow  c o lo r ; 7 and B, p a le  
yellow ; $ and 10, yellow ; 11 and 12 deep yellow ; 13 and Ik  
o range yellow ; and 15 and 16 , o range.
In  th e  experim ents conducted a t  th e  Maine A g ric u ltu ra l 
Experiment S ta tio n  th e  pigment sco re s  have been determ ined  
by means of an a r b i t r a r y  sco re  f o r  two reasons*  For a 
p e r io d  o f  tim e th e re  was no y o lk -c o lo r - ro to r  a v a i la b le  due 
to  th e  f a c t  th a t  the pigm ents r e p a ire d  fo r  c o n s tru c tio n  o f  
th is  equipment w art u n a v a ila b le , Wien a y o lk -c o lo r -ro to r  
was a v a i la b le  (pu rchased  from th e  d e s ig n e rs )  th e  t i n t s  were 
such th a t  I t  was im p o ssib le  to  match th e  c o lo r  o f th e  shanks 
o f  th e  s t r a i n  o f  b i r d s  used w ith  th e  c o lo rs  o f  th e  d is c s  o f  
th e  y o lk - c o lo r - ro to r .  The i n a b i l i t y  to  match th e  shank c o lo r  
o f  th e  ch ickens used w ith  th e  co lo rs  o f  th e  y o lk -c o lo r - ro to r  
was indeed  s u r p r is in g .  Several d i f f e r e n t  s t r a i n s  and b reed s 
o f  b i r d s  had bean used in  Experiments 1 th rough 6 in c lu s iv e ,  
and no s im ila r  d i f f i c u l t y  was encoun tered . Too, se v e ra l 
d i f f e r e n t  r a t io n s  had been used in  Experimente 1 to  6, in ­
c lu s iv e ,  and s a t i s f a c to r y  m atches were o b ta in ed  on a l l  d i e t s
t o
t e s t e d .  I t  was th e re fo re  concluded th a t  th e  pigm ents used 
In  th e  m anufacture o f  t h i s  y o lk - c o lo r - ro to r  d i f f e r e d  from 
th o se  o f th e  ones used in  th e  m anufacture o f th e  y o lk -c o lo r -  
r o to r  used in  Experim ents 1 to  6, in c lu s iv e ,  and th i s  p roce­
d u re  was abandoned.
Two methods o f  m easuring th e  i n t e n s i t y  o f  th e  c o lo r  o f  
th e  shank sk in  were used in  th e  experim ents conducted a t  th e  
Maine A g ric u ltu ra l  experiment S ta t io n . In Experiment 7 th e  
shank co lo r was determ ined  by th e  u se  o f  an a r b i t r a r y  sco re , 
ran g in g  fro® 0 to  3* Shank c o lo rs  o f  w hite  and p a le  yellow , 
l i g h t  yellow , dark  yellow  and orange were re p re se n te d  by th e  
sc o re s  o f  0 , 1 , 2 and 3, r e s p e c t iv e ly .  S ince t h i s  experim ent 
was o f  a prelim inary n a tu re  and due to  th e  f a c t  th a t  a y o lk - 
c o lo r - ro to r  was to  be a v a i la b le  fo r  fu tu re  experim en ts , very  
l i t t l e  p lan n in g  went in to  th e  d e v is in g  o f  t h i s  scheme. Al­
though i t  was no t used a g a in , th e  d a ta  from succeeding  ex­
p e rim en ts  in d ic a te  th a t  i t  was s a t i s f a c to r y  and d id  se rv e  i t s  
p u rp o se .
The method used fo r  sco rin g  th e  p ig m en ta tio n  o f th e  
shanks o f ch ick s in  E xp erim en ts £ and 10 was an a r b i t r a r y  
sc o re  s im ila r  to  th a t  used by Hammond and Earshew (16) and 
Hammond, M ille r  and Whitson (1 7 ). These a u th o rs  used an 
a r b i t r a r y  sco re  ran g in g  from 0 to  B, and d e sc r ib e d  th e  c o lo r  
re p re se n te d  by each number as  fo llo w s:
Ho yellow  pigm ent ---- —— 0
Very s l i g h t  yellow  —— -  1 
S l ig h t ly  yellow  —---- —— 2
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Very deep y e llo w  - — 5 
Very s l i g h t l y  o r sa g #  — —  6 
S l ig h t ly  orange > 7
Medium orange — — ~— — -  g 
The method u sed  i n  Experim ents $ and 10 d i f f e r e d  from th a t  
o f  Hammond and Harsh aw (16) in  th a t  a range from 1 to  I  was 
u sed  and in s te a d  o f  a s s ig n in g  a r b itr a r y  c o lo r s  to  each num­
b e r , and sc o r in g  th e  shanks from a m ental p ic tu r e  o f  t h i s  
number, a  •stan d ard *  b ir d  was s e le c t e d  to  r e p r e se n t  each  
pigm ent sc o r e  in  each exp erim en t.
P r io r  to  th e  r e a d in g  o f  th e  shank pigm ent s c o r e , a l l  
ch ic k e n s  in  th e  experim ent were mixed in  a la rg e  b a t te r y  
compartment in  ord er  to  e l im in a te  th e  p o s s i b i l i t y  o f  in d i ­
v id u a l  r ea d in g s  b e in g  b ia se d  by th e  r e a d in g s  o f  th e  group. 
The c h ic k e n s  were I n d iv id u a lly  removed from t h i s  la r g e  com­
partm ent and p la c e d  in t o  one o f  e ig h t  p o s s ib le  compartments 
depending upon th e  c o lo r  o f  th e  sh an k s. The p la n  was to  
p la c e  b ir d s  o f  n e a r ly  equal shank p ig m en ta tio n  in  th e  same 
compartm ent, w ith  equal g r a d a tio n  betw een th e  com partm ents, 
b a s in g  th e  g r a d a tio n  on a m ental p ic tu r e  o f  th e  l i g h t e s t  and 
m ost h ig h ly  c o lo r e d  shanks in  th e  exp erim en t. A fter  th e  
c h ic k e n s  in  th e  experim ent had been d iv id e d  i n  t h i s  manner, 
two p erso n s examined each o f  th e  groups a s  a whole fo r  u n i­
fo r m ity  o f  shank c o lo r  and moved to  h ig h er  or low er groups  
any th a t  were deemed n ot w ith in  th e  range o f  th a t  p a r t ic u la r
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group . ^heii th e  g r e a t e s t  u n ifo rm ity  p o s s ib le  m s  a t ta in e d
by t h i s  method, a  s tan d ard  ch icken  from each group was 
s e le c te d  a t  random* These s tan d ard  ch ick en s were m atched, 
one a g a in s t  th e  o th e r ,  f o r  equal g ra d a tio n  o f  c o lo r . M y 
s ta n d a rd  ch icken  s e le c te d  a t  random th a t  was adJedged un­
s a t i s f a c to r y  fo r  any rea so n  was p u t back in to  th e  group from 
which i t  was tak en  and an o th e r  s t l  toted. T his was rep  sa ted  
u n t i l  a ch icken was o b ta in ed  th a t  had shanks o f  such c o lo r  
a s  was adjudged midway between th a t  o f  th e  n ex t low er and 
n e x t h ig h e r  s ta n d a rd , l&iem so s e le c te d , th e  e ig h t s tan d ard  
ch ick en s  re p re s e n te d  e ig h t eq u a lly  spaced g ra d a tio n s  o f  p ig ­
m en ta tio n  ran g in g  from th e  minimum to  th e  maximum. i l l  
ch ick en s  were th en  matched a g a in s t  th e  s ta n d a rd  o f  t h e i r  
r e s p e c t iv e  group and in  a few ca ses  ch ickens were moved to  
a h ig h e r  o r low er g roup . A fte r  t h i s  g ro u p in g , th e  sco re s
were reco rd ed  a s  I ,  2 , 3 , b , 5 , 6 , 7 o r  # w ith  in c re a s in g
amounts o f  p ig m en ta tio n  re p re se n te d  by th e  h ig h e r  s c o re .
In  no c a s t  was i t  n ecessary  to  move any ch ick en , when check­
in g  a g a in s t  th e  s ta n d a rd , more than  one g roup , e i th e r  h ig h e r  
o r  low er.
A fte r  u s in g  th e  two methods, i t  was reco g n ised  th a t
b o th  had c e r ta in  advan tages and th a t  bo th  l e f t  much to  be
d e s i r e d .  The d a ta  among d i f f e r e n t  experim ents was compar­
a b le  when th e  y o lk -c o lo r - ro to r  was used as a s ta n d a rd , b u t 
w ith  some bird® , and e s p e c ia lly  th o se  th a t  had l ig h te r  
c o lo re d  shanks, i t  was d i f f i c u l t  to  match th e  co lo r  o f  shank 
w ith  any c o lo r  o f  th e  yo lk  r o to r .  Hie number o f  ch ickens
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f a l l i n g  in  t h i s  d i f f i c u l t  range in  any on© experim ent was 
very  sm a ll, however. When th e  a r b i t r a r y  c o lo r  sco re  was 
u sed , no d i f f i c u l t y  was encountered  in  checking a g a in s t  th e  
s ta n d a rd , f h l s  method doe® have th e  obvious d isad v an tag e  
in  t h a t  i t  would be in f lu e n c e d  to. a degree by th e  sp read  in  
c o lo r  between th e  l i g h t e s t  and d a rk e s t  c o lo re d  shank in  any 
experim ent* I f  a  c o lo r  sco re  o f  on® re p re se n te d  th e  l i g h t e s t  
c o lo re d  shank® and a c o lo r  sco re  o f  ©ight th e  d eep est co lo re d  
shank®, then  i t  i s  obvious th a t a c o lo r  sc o re  o f  one would 
n o t n e c e s s a r i ly  r e p re s e n t  th e  same shad© in  any two experi­
ment®. L ikew ise , no d e f in i t e  shade o f ye llow  could be a s­
c r ib e d  to  any o th e r  c o lo r  sc o re  th a t  would b# com parable 
between d i f f e r e n t  experim ent® . A lso, the rang® between any 
two co lo r  sco re s  would be In flu e n ce d  among d i f f e r e n t  ex p e ri­
m ents by th e  sp read  between th e  l i g h t e s t  and d a rk e s t  co lo red  
shank®. In  a l l  experim ents re p o r te d  h e re in  in  which th e  
shank c o lo r  sco re  was determined by use o f  t h i s  a r b i t r a r y  
sc o re , th e  same b a s a l d i e t  and th e  same s t r a i n  o f  b i rd s  have 
been u sed . Under the®® condition®  i t  i s  assumed th a t  th e  
l i g h t e s t  and d a rk e s t  co lo red  shank® in  d i f f e r e n t  experim ents 
would be very  s im ila r  arid l ik e w is e  th e  c o lo r  re p re se n te d  by 
each co lo r  sc o re . As p o in ted  o u t above, however, t h i s  
d e f i n i t e l y  would no t apply  to  experiment© conducted u sin g  
d iet®  w ith  v a ry in g  amounts o f  p igm ent, th e  r e s u l t s  o f  ex­
perim ents S and 10, when compared w ith  th o se  o f  th e  p rev io u s  
ex p erim en ts , a re  very  s im ila r ,  th u s  in d ic a t in g  th a t  th e  
a r b i t r a r y  sco re  was e n t i r e ly  sa tis fa c to ry  and th a t  th e  ©am®
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i d e n t i t y  was feting m easured,
2Mri»g the  p e r io d  in  which th e se  experim ents were con­
d ucted  se v e ra l methods o f  m easuring p ig m en ta tio n  in  th e  
shanks have been p u b lish e d . One o f  th e se  i s  th e  method 
used  toy Hammond and Karshaw (1 6 ) , d e sc r ib e d  above* and a f t e r  
which th e  a r b i t r a r y  sco re  used in  S sp e r lse n te  & and 10 was 
p a t te rn e d .
Heiman and f i g h t  (19* 20) o u tl in e d  a method fo r  measure 
ln g  th e  r e l a t i v e  amount o f  c a re t tn o id  pigm ent in  th e  shanks* 
T h eir method was based  on th e  e x tra c t io n  o f  th e  pigm ents 
from a d e f in i t e  a re a  o f  sk in  In  a ce to n e , th e  ch ickens were 
k i l l e d  and th e  sk in  removed from th e  shank by c u t t in g  th rough  
th e  shank sk in  around th e  m e ta ta rsu s  a t  bo th  th e  proxim al 
and d i s t a l  ends, and p a r a l l e l  to  the  a x is  on th e  back s id e . 
The sk in  m s  then  p ee led  o f f .  A ll ad h erin g  t i s s u e  was r e ­
moved, th e  sk in  washed f re e  o f  b lood and o th e r  s ta in s  and 
th e  excess m o is tu re  removed w ith paper to w e lin g . The sk in  
was th an  sp read  on a wooden b lock  and a c i r c l e  o f  sk in , 
f iv e - e ig h th s  in ch  in  d iam ete r, cu t w ith  a punch a t  a  p o in t  
co rresp o n d in g  to  th e  f ro n t  and c e n te r  o f  th e  shank. Has 
d is c s  o f  sk in  were th en  e x tra c te d  w ith  10 c .o .  o f  ace to n e  
by a llo w in g  to  s tan d  in  th e  dark  fo r  MS hours w ith  fre q u e n t 
sh ak in g . Tha a ce to n e  was then  decan ted  and th e  c o lo r  in ­
te n s i t y  re a d  w ith  a  p h o to e le c tr ic  c o lo rim e te r  u s in g  a  l i g h t  
f i l t e r  Mo. k2  b lu e .
This method i s  h ig h ly  a c c u ra te  when th e  pigm ent ex­
t r a c t s  from th e  r i g h t  and l e f t  le g s  o f b i r d s  were compared.
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When s ix  s e ts  o f  fo u r le g s ,  each ran g in g  from c o lo r le s s  to  
deep yellow  and having  sq u a lly  spaced g ra d a tio n s  o f  pigmen­
t a t i o n  as f a r  as  could  be determ ined  w ith  th e  ays, wars com- 
p a rsd  w ith  th e  c o n c e n tra tio n  o f  pigm ent in  th e  e x t r a c t ,  th® 
r e l a t i o n  was e a r v i l l a l a r . S ince th e  sc a le  re a d in g s  on th e  
c o lo rim e te r  a re  d i r e c t l y  p ro p o r tio n a l  to  th e  c o n c e n tra tio n  
o f  th e  substance  b e in g  m easured, th e  curve suggested  a 
lo g a r ith m ic  r e la t io n s h ip .  In  t h i s  c a se , each su ccess iv e  
q u a n t i ty  o f  pigm ent in  th e  shank sk in  ex e rted  le s s  c o lo rin g  
e f f e c t  v i s ib le  to  th e  eye.
B a ll {2) made a sh an k -co lo r sc a le  by ta k in g  shanks from 
r e c e n t ly  k i l l e d  p u l l e t s  and Matching them w ith  p la te s  o f  a 
c o lo r  d ic t io n a ry ,  f h l s  au th o r used f iv e  g rad es  d e sc rib ed  
a s  fa l lo w s t
to ad s I n te r p r e ta t io n
0 v ery  p a ls
1 p a l s
2 l i g h t  yellow
3 yellow
k orange
A fte r  th e  s ta n d a rd  shanks were s e le c te d , they  were 
mounted m  in ch  a p a r t  on a b lack  card b o ard , Bhea making 
com parisons, th e  o u te r  s id e  o f  th e  shank was compared w ith 
th e  same reg io n  o f  th e  shanks on th e  o o lo r - s c a le .  Fresh 
c o lo r - s e a le s  were mad# p r io r  to  each rea d in g  and were no t 
used  over fo u r hou rs a f t e r  p re p a ra t io n .
E ith e r th e  method o f  Holman and T ight ( l f # SO) o r B all
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(2) would p rob ab ly  have bean s a t i s f a c to r y  fo r  us# l a  th e  
experim ents re p o r te d  h e re in .  However, th e  o r ig in a l  con­
s id e r a t io n  in  u n d ertak in g  th e se  experim ents was to  determ in e  
to  what ex ten t d ie ta r y  f a c to r s ,  o th e r  than  th e  amount o f  
pigm ent in  th e  d i e t ,  in f lu e n c e d  th e  v i s i b l e  p igm en ta tion  o f  
th e  shanks. S ince th e  r e s u l t s  o f  ifeiaan and f ig h t  (19# 3D) 
in d ic a te d  th a t  t h e i r  method d id  n o t g iv e  th e  same r e s u l t s  as 
v is u a l  o b se rv a tio n s  in  store deeply  pigm ented shanks i t  was 
n o t u sed . Ih s  sh an k -co lo r g rad in g  system o f  B a ll (2) i s  
co n s id e red  very  com parable to  th e  method o f  Hammond and 
Barshaw (1 6 ), Hammond, M ille r  and H hitson (17) and th e  
method used in  th e se  experim ents, fhe  main d if fe re n c e s  
b e in g  th a t  B a ll (2) used a c o lo r  s tan d ard  to  s e le c t  h i s  
s ta n d a rd  shanks and used only  f iv e  g rades w hile  Hammond and 
Earshaw ( l6 )  and Hammond, M ille r  and Whitson (17) used n in e  
g rad es  and a v is u a l  c l a s s i f i c a t i o n .  In  com parison, th e  
method used h e re in  employed only  e ig h t g rad es  and v is u a l ly  
s e le c te d  l i v e  ch ick s  were used a s  s ta n d a rd s . The e ig h t 
g rad es  then  re p re s e n te d  th e  l i g h t e s t  and m ostly  h ig h ly  
co lo re d  shanks and s ix  eq u a lly  spaced g ra d a tio n s  o f  pigmen­
t a t i o n  between them. As no d i f f i c u l t y  was encountered  in  
d iv id in g  the  ch ick en s in  any experim ent in to  e ig h t g roups, 
a g r e a te r  deg ree  o f  accuracy  was a t ta in e d  by th e  u se  o f  
s ig h t  r a th e r  than  f iv e  c o lo r  g ra d e s . Had th e  spread  be­
tween th e  l i g h t e s t  co lo red  and most deep ly  pigm ented shanks 
been sm a lle r , th en  th e  method o f B a ll (2) could  have been 
a p p lie d  w ith  equal p re c is io n  and accu racy .
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S t a t i s t i c a l  a n a ly s is  o f  the experim en ta l r e s u l t s . 
A n a ly s is  o f v a r ia n c e , F ish e r  ( I k )  and Snedecor (5 5 )* has 
b e ta  a p p lie d  to  a l l  experim ents excep t Experiment 9* Iha 
d a ta  from Experiment 9 e ra  o f such a n a tu re  th a t  s t a t i s t i c a l  
a n a ly s is  i s  unnecessary  and unw arran ted . Pus to  i t s  g r e a te r  
s im p l ic i ty  and ease  o f  h an d lin g , th e  t  t e s t  fo r  s ig n if ic a n c e  
o f  Snedscor (55) h as  bean used in  p re fe re n c e  to  th e  % t e s t  
o f  F ish e r  (1%). As p o in te d  ou t by Snedscor (55) th e  t  t e s t  
and z t e s t  give® th e  same r e s u l t .
The l e a s t  s ig n i f ic a n t  d if f e re n c e  between means h as been 
c a lc u la te d  by th e  fo llo w in g  form ula from Snedscor (55)5 
e r r o r  o f  the d if f e re n c e  between two means eq u a ls  th e  square  
r o o t  o f  ( e r ro r  v a r ia n c e  x a^ ♦ ng * %®g) » i  and %
re p re s e n t  th e  number o f  ch iehens in  th e  two g roups, ffee 
v a lu e  o f  t ,  f o r  d eg rees  o f  freedom in  e r ro r  v a r ia n c e  a t  th e  
f iv e  p e rc e n t o r  one p e rc e n t l e v e l ,  as d e s ire d , x s tan d ard  
e r r o r  o f  the  d i f f e re n c e  between th e  two means equa ls  th e  
l e a s t  s ig n i f ic a n t  d if f e r e n c e  in  c o lo r  sco re  between th e  two 
means* $hsa i*x eq u a ls  ag th e  formula fo r  com putation o f  th e  
s ta n d a rd  e r ro r  o f  th e  mean d iffer en ce  becomes th e  square 
r o o t  o f  ( e r ro r  v a r ia n c e  x 2 * a) when a  eq u a ls  th e  number 
o f  b i r d s  in  each g roup .
RtaULTS
Experiment 1 . The r e s u l t s  o f  Experiment 1 a re  somaar-
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iz e d  i n  Table 11. The r e s u l t s  a re  co n s id ered  co n c lu s iv e
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© L east s i g n i f i c a n t  d i f f e r e n c e  betw een  group 2 and th e  r e s p e c t iv e  g ro u p s .
♦ D if f e r e n c e ,  when com pared to  group  2 s t a t i s t i c a l l y  s i g n i f i c a n t  betw een th e  5% and 1% l e v e l .  
♦ ♦ D if fe re n c e , when com pared to  group  2, s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  1% l e v e l .
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ev idence th a t  d ie ta ry  f a c to r s ,  o th e r  than th e  amount o f p ig ­
ment co n ta in ed  in  th e  d i e t ,  a f f e c te d  the p igm en ta tion  o f the 
shank*• In Experim ent 1* one sample each o f soybean o i l  
m eal, menhaden m eal, meat sc rap s  and wheat f lo u r  m iddlings 
were te s te d  fo r  t h e i r  p ig m en t-su p p ressin g  p r o p e r t ie s .  Also 
te s te d  was th e  e f f e c t  o f the  m ixing o f cod l i v e r  o i l  in  d ie t  
in  com parison to o ra l  ad m in is tra tio n *
Of the fe e d s tu ffs  t e s te d ,  the menhaden meal and meat 
sc ra p s  were the  only  ones th a t  were found to  possess p ig ­
m en t-su p p ressin g  po tency , the  average shank c o lo r  sco re  o f  
the  groups o f ch icks re c e iv in g  th e se  two f e e d s tu f f s  was 
s ig n i f i c a n t ly  low er beyond the one p e rc e n t le v e l  than  th a t  
o f th e  c o n tro ls  a t  f iv e  weeks o f age. However, a t  s ix  weeks 
o f age th i s  d if fe re n c e  had d ecreased  to  a p o in t  where i t  was 
no lo n g e r  s ig n i f i c a n t  beyond the  one p e rc e n t le v e l  b u t was 
s ig n i f i c a n t  between th e  f iv e  p e rc e n t and one p e rcen t l e v e l s .
The shank c o lo r  sco re  o f  th e  groups re c e iv in g  th e  soy­
bean o i l  meal and wheat f lo u r  m iddlings was g r e a te r  than  th a t  
o f th e  c o n tro ls . The d if fe re n c e s  were s ig n i f i c a n t  between 
the  f iv e  p e rcen t and on© p e rc e n t le v e ls  a t  s ix  weeks o f  age 
in  th e  groups re c e iv in g  the  soybean o i l  meal and beyond th e  
one p e rc e n t le v e l  a t  both f iv e  and s ix  weeks in  the  groups 
re c e iv in g  wheat f lo u r  m idd lings.
The shank c o lo r  sco re  o f group 1 , which had rece iv e d  
cod l i v e r  o i l  by o r a l  a d m in is tra tio n , was s ig n i f i c a n t ly  
g r e a te r  beyond the one p e rc e n t le v e l  than  th a t  o f the Con­
t r o l  group.
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Experiment 2. S ince Experiment X had d e f in i t e ly  in d i ­
c a ted  th a t  c e r ta in  components o f  th e  d i e t  d id  supp ress p ig ­
m en ta tio n  in  th e  shanks, Experiment 2 was designed  to  
d e te rm in e  w hether th e  p re p a ra t io n  o f th e  b a s a l d i e t  m ight 
be  s im p lif ie d  In  o rd e r  th a t  th e  study  o f t h i s  phenomena 
m ight be expanded. Two b a s a l r a t i o n s ,  seven and e ig h t were 
te s te d  in  t h i s  experim en t. The d e x tr ln lz s d  s ta rc h  o f  d ie t  
th re e  was re p la c e d  by white corn in  d ie t  seven. In d i e t  
e ig h t yellow  corn  re p la c e d  th e  d e x tr ln lz e d  s ta rc h  and d r ie d  
g ra s s  o f  d i e t  th r e e .
The r e s u l t s  o f  Experiment 2 a re  p re se n te d  in  Table 12. 
That d i e t s  seven and e ig h t were s a t i s f a c to r y  fo r  measurement 
o f  th e  p ig m en t-su p p ress in g  p ro p e r ty  i s  demonstrated by th e se  
r e s u l t s .  In  agreem ent w ith  th e  r e s u l t s  o f  Experiment 1# th e  
meat sc ra p s  ag a in  supp ressed  th e  p ig m en ta tio n  o f  th e  shanks 
to  an e x te n t th a t  was s t a t i s t i c a l l y  s ig n i f i c a n t  beyond th e  
one p e rc e n t le v e l  a t  f iv e  weeks on b o th  d i e t s  seven and 
e ig h t .  On d ie t  seven , th e  d if fe re n c e  was s t i l l  s ig n i f ic a n t  
beyond th e  on® p e rc e n t le v e l  a t  seven weeks b u t was In s ig ­
n i f i c a n t  on d i e t  e ig h t .  Bowevsr, th e  d iffe r e n c e  between th e  
d i e t  e ig h t c o n tro l group and th e  meat sc rap  supplemented 
group on th a t  d i e t  m s  s ig n i f ic a n t  between th e  f iv e  p e rc e n t 
and on® p e rc e n t le v e l  a t  n ine  and ten  weeks.
The e f f e c t s  o f  th e  menhaden s e a l  and soybean o i l  meal 
were re v e rse d  in  com parison to  th o se  o f Experiment 1 . In  
Experiment 2, menhaden meal e x h ib ite d  no p ig m en t-su p p ressin g  
p o ten cy . Bovever, soybean o i l  meal s ig n i f i c a n t ly  low ered
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9 wka. I l l  wks.
7 wks.
1 7 Hone 7 .0 7 .2 - - 585 10
2 7 15% meat s c ra p s  No. 1 5 .1** 5 .6** - mm 516 10
3 7 15% menhaden meal Ho. 1 7 .2 6 .6 - «■* 463 0
k 7 15% soybean o i l  meal No. 1 U ,!l** 5 .6* - - 486 40
5 g Hone 1 5 .6 15 .0 1 5 .1 16.3 533 10
6 g 15% meat s c ra p s  No. 1 9 .fife1* 12 .0 1 2 .0 # l l s M ... .. M L _ _ ___________________ Q___________________
♦ D iffe re n c e , when compared to  group 1, s t a t i s t i c a l l y  s ig n i f i c a n t  betw een th e  5% and 
X% l e v e l s .
♦ ♦ D iffe re n ce , when compared to  group 1 , s t a t i s t i c a l l y  s ig n i f i c a n t  beyond th e  1% l e v e l .
^ D if fe re n c e , when compared to  group 5» s t a t i s t i c a l l y  s ig n i f i c a n t  betw een th e  5% 
and 1% l e v e l s .
^ D i f f e r e n c e ,  when compared to  group 5> s t a t i s t i c a l l y  s ig n i f i c a n t  beyond th e  1% l e v e l .
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shank c o lo r  sc o re  beyond th e  one p e rc e n t le v e l  a t  f l i r t  weeks 
and between th e  f iv e  p e rc e n t and one p e rc e n t le v e ls  a t  seven 
weeks.
txp sr ln ea t jh  The r e s u l t s  o f  Experim ents 1 and 2 had 
In d ic a te d  th a t  p erhaps th e  e f f e c t  o f  th e  p lg m en t-su p p ressio n  
observed  th e re in  was a t  a maximum a t  about f iv e  weeks and 
m ight d isap p ea r l a t e r .  Too, the d i e t s  used In  experiment*
1 and 2 were not p r a c t i c a l  d i e t s .  T h ere fo re , Experiment 3 
was designed  to  t e s t  th e  e f f e c t  o f  th e se  v a r io u s  p ro te in  
supplem ents in  p r a c t i c a l  r a t io n s  and to  s tu d y  th e  r e l a t i o n  
o f  t h i s  phenomena to  age .
A summary o f  th e  r e s u l t s  o f  'Experiment 3 l a  p re se n ted  
In  T able 13 . Study o f  t h i s  d a ta  r e v e a ls  th a t  in c lu s io n  o f  
menhaden meal and meat sc ra p s  and a com bination  o f th e s e  two 
p ro d u c ts  as sou rces o f  p ro te in  re su lted  In  su p p ress io n  o f  
p ig m e n ta tio n  In  the shanks, then 19 p e rc e n t o f  meat sc rap  
was In c o rp o ra te d  in to  th e  b a s a l d i e t ,  p ig m en ta tio n  o f  th e  
shanks was suppressed  to an e x te n t th a t  was s t a t i s t i c a l l y  
s ig n i f i c a n t  beyond th e  one p e rc e n t le v e l  a t  fo u r , f iv e  and 
n in e  weeks o f  ag e . At te n  weeks o f  age t h i s  d if f e re n c e  was 
no lo n g e r  s ig n i f i c a n t  beyond th e  one p e rc e n t le v e l  bu t was 
s ig n i f i c a n t  between th e  f iv e  p e rc e n t and one p e rc e n t l e v e l .
The i^iank c o lo r  sc o re  o f  th e  group th a t  re c e iv e d  15 
p e rc e n t o f  menhaden meal In  t h e i r  d i e t  was low er than  th a t  
o f th e  c o n tro ls  each tim e they were measured, fees® d i f ­
fe re n c e s  were s t a t i s t i c a l l y  s ig n i f ic a n t  beyond th e  one p e r­
ce n t le v e l  a t  f iv e  weeks and between th e  f iv e  p e rc e n t and
TABLi 1 3 . Summary o f
Oroup
P ro te in  
Suppl©m entation
h w k s . 5-.wks. 10 wks,
1 15$ soybean o i l  meal Bo. 1 
13$ d r ie d  sklmmllk I I .3 11 .9 1 0 .? 1 0 .7
2 15$ soybean o i l  meal Bo. 1 
13% d r ie d  b u tte rm ilk 11 .* 10 .7 12 .0 1 2.2**
3 19$ meat sc rap s  Bo. 1 7 .2 * 7 .7 * 7-7* 9 .0 *
k 15$ menhaden meal Bo. 1 10 .0 9 .9 * 9 .0 9 .3 *
5 7 .5 $  meat sc rap  Bo. 1 
6 .0 $  menhaden meal Bo. 1 
7 S $  d r ie d  sk lam ilk 9 . 2* 10.7 g .g * 10 .0
6 10$ menhaden meal Bo. 1 
13% d r ie d  sklmmllk 12 .1 12 .7 1 1 .* 1 0 .5
7 15$ soybean o i l  meal Bo. 1 
2% menhaden meal Mo. 1 
10$ d r ie d  sklmmllk 13.5** 12.2 11.3 12.3**
g 15$ soybean o i l  meal So* 1 
5$ menhaden meal Bo. 1 
5$ d r ie d  sklmmllk 1 0 .2 10 .3* _ 2J L 10 .1
Average c o lo r  sco re s
^ L sas t s ig n i f i c a n t  d if f e re n c e  In  shank c o lo r  
fe^Pullorum d is e a s e  d iagnosed  In  ch ickens o f  t h i s  
♦ D iffe ren ce , when compared w ith  group 1 , s t a t i s -  
♦ ♦ D iffe ren ce , when compared w ith  group 1 , s t a t l s *
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r e s u l t s  o f  Experiment 3 *
4 woofce 5 waeks 9 wsefca 10 waeka 10 weeks
to




1 .4 8 1.96 1.29 1 .70 1 .58 2.09 1.09 1 .4 4 967 24
1.69 2.20 1 .47 1 .9 4 1 .89 2.50 1.36 1 .79 854 68
1 .57 2 .07 I .38 1 .8 2 1 .79 2.36 1 .19 1 .5 8 830 52
1 .41 1.86 1.22 1.62 1.50 ;1.99 1.00 1-33 963 4
1 .4 2 1.88 1 .2 4 1 .6 3 1.50 1.99 1 .0 2 1 .3 5 935 4
1 .4 8 I .96 1 .29 1 .7 0 1 .5 6 2.07 1 .0 5 1 .3 8 1008 20
1 .4 8 I .96 1-32 1-74 1.60 2*12 lr 0 7 3Lt4.IL___________ ACSL... ____2& ........
Ave. w t.
M o rta lity
sc o re  between group 1 and th e  r e s p e c t iv e  g ro u p s, 
experim en t.
t i e a l l y  s ig n i f ic a n t  between th e  3% and 1% l e v e l s ,  
t i c a l l y  s ig n i f i c a n t  beyond th e  1% l e v e l .
Jk
©n# p e rc e n t 1 sir s i s  a t  t#»  weeks.
f t1# r e s u l t s ,  tftoa 7*5 p e rc e n t o f  s e a t  sc ra p s  and 6 .0  
p e rc e n t o f  menhaden m#al wars in c lu d ed  in  th e  d i e t  were very  
s im ila r  to  th o ss  o b ta in ad  whan 15 p e rc e n t o f  menhaden meal 
was In c lu d e d . There were r e l a t i v e l y  la rg e  d if f e re n c e s  a t  
th e  tim e o f  each m easurem ent. 1h@s© d if fe re n c e s  were s t a t i s ­
t i c a l l y  s ig n i f i c a n t  beyond th e  on® p e rc e n t le v e l  a t  fo u r 
weeks on ly  and between th e  f iv e  p e rc e n t and one p e rc e n t 
l e v e l s  a t  n in e  weeks only* In c lu s io n  o f  f iv e  and te a  p e rc e n t 
o f  menhaden meal in  th® d i e t  was w ithou t s ig n i f i c a n t  e f f e c t  
on shank c o lo r  excep t th a t  th e  shank co lo r  sco re  o f  th e  f iv e  
per*c®nt menhaden meal group was s ig n i f i c a n t ly  low er between 
th e  f iv e  p e rc e n t and on® p e rc e n t l e v e ls  th an  th a t  o f  th® 
c o n tro l  group a t  f iv e  weeks.
Th# r e s u l t s  when d r ie d  b u tte rm ilk  was s u b s t i tu te d  fo r  
d r ie d  skimmilk a re  r a th e r  in c o n c lu s iv e . At fo u r , n in e  and 
te n  weeks th e  shank c o lo r  sco re  o f  th® d r ie d  b u tte rm ilk  
group was g r e a te r  than  th a t  o f  th e  group th a t  had re c e iv e d  
th e  d r ie d  sklm m llk, be ing  s t a t i s t i c a l l y  s ig n i f ic a n t  beyond 
th #  one p e rc e n t le v e l  a t  te n  weeks. At f iv e  weeks th e  r e v e r s e  
was t r u e ,  th e  shank c o lo r  sco re  o f  th #  d r ie d  sklmmllk group 
be in g  h ig h e r  th an  t h a t  o f  th e  d r ie d  b u tte rm ilk  group, th e  
d if f e r e n c e  c lo s e ly  approaching  s ig n if ic a n c e  a t  th e  f iv e  p e r ­
cen t l e v e l .
Hi# in c lu s io n  o f  on ly  two p e rc e n t o f  menhaden meal l a  
th e  d i e t  in c re a se d  th e  shank pigm ent sco re  a t  each read in g  
when compared to  th #  c o n tro l g roup . Hals in c re a se  was
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s t a t i s t i c a l l y  s ig n if ic a n t  beyond th e  om  p e rc e n t le v e l  at  
fo u r  and ten  weeks.
The d a ta  o f  t h i s  experim ent In d ic a te  th a t  th e  pigm ent- 
su p p ress in g  e f f e c t  o f  the  feed s tu ff©  under study  m ight be­
come l e s s  ap p aren t ms th e  le n g th  o f th e  experim en ta l p e rio d  
I s  in c re a s e d . There was no s ig n i f ic a n t  d if f e re n c e  between 
th e  c o n tro l group and group Z u n t i l  th e  te n th  week. Between 
th e  c o n tro l  group and groups 3> 5 nad & th e  d if fe re n c e s
were n o t so h ig h ly  s ig n i f ic a n t  a t  th#  c lo s e  o f  th e  experim ent 
as  a t  fo u r an d /o r f iv e  weeks b u t th e  d if f e re n c e  between th e  
c o n tro l  group and group 7 s ig n i f ic a n t  beyond th e  1 p e r­
c e n t le v e l  a t  bo th  fo u r and te n  weeks. In  t h i s  r e s p e c t ,  I t  
i s  o f  I n t e r e s t  to  n o te  th a t  groups 3# % and 5 a re  h i# * ly  
com parable to  some groups o f  Experim ents 1 and 2, th e  r e ­
s u l t s  o f  which had in d ic a te d  th e  p o s s i b i l i t y  th a t  t h i s  
e f f e c t  m ight no t p e r s i s t  to  te n  weeks o f  ag e . B esp it#  t h i s  
d ee r tam ing e f f e c t  a s  th e  le n g th  o f  th e  experim en ta l p e rio d  
in c re a s e s ,  th e  f a c t  th a t  s ig n i f ic a n t  d if f e r e n c e s  do e x i s t  
a t  te n  weeks j u s t i f i e s  s tudy  and c o n s id e ra tio n  o f  th e  p rac ­
t i c a l  s ig n if ic a n c e  o f  t h i s  d a ta .
Experiment gs^perlmsats 1 , 2 and 3 had shown th a t  
under c e r t a in  c ircu m stan ces menhaden m eal, meat sc ra p s  and 
soybean o i l  meal suppressed  shank p ig m en ta tio n  in  growing 
ch ick en s . The r e s u l t s  o f  Experiment 3 had in d ic a te d  th a t  
t h i s  su p p ress io n  o f  pigm entation, alth o u g h  g r e a te s t  a t  fo u r 
o r  f iv e  weeks, was m an ifested  in  ch ickens up to  ten  weeks 
o f  ag e . In view o f  th e se  r e s u l t s ,  i t  was f e l t  th a t  f u r th e r
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stu d y  on th e  d i s t r i b u t io n  o f  t h i s  p ig m en t-su p p ressin g  f a c to r  
was w arran tad . th e re fo re ,  Experiment k was conducted to  
t e s t  more sam ples o f  th e se  f e e d s tu f f s .  D if fe re n t  l o t s  o f  
th e  same brand o f  meat s c ra p s , menhaden meal and soybean o i l  
meal had been used In  Experim ents 1 , 2 and 3 . Inc luded  In  
j& perim ent k were o th e r  l o t s  o f  th e  same b rands o f  menhaden 
meal and soybean o i l  meal used  In  Experim ents 1 , 2 and 3 and 
two samples o f  meat sc rap s  Ho. 1 . One o f  th e se  sam ples o f  
meat sc ra p s  Ho. 1 {groups 4 and g) was id e n t ic a l  w ith  th a t  
used  In  Experiment 2 and had been s to re d  a t  room tem p era tu re  
s in c e  th e  b eg in n in g  o f  Experiment 2. ffce o th e r  (group 5) 
had been s to re d  under r e f r i g e r a t i o n  s in c e  th e  beg inn ing  o f  
Experiment 2 . In  a d d i t io n  to  th e se  g roups, a  new sample 
each o f  menhaden meal and meat sc ra p s  and th e  supplem entary 
e f f e c t  o f  meat sc rap s  Mo. 1 and soybean o i l  meal io .  1 were 
te s te d  in  Experiment b .
th e  r e s u l t s  o f  Experiment k a re  summarised in  fa b le  lb* 
th e  r e s u l t s  a re  in  g e n e ra l agreem ent w ith  th o se  o f  th e  p r e ­
v io u s  experim en ts .
Again meat sc ra p s  Ho. 1 suppressed  th e  shank c o lo r  
sc o re  s ig n i f i c a n t ly  beyond th e  one p e rc e n t le v e l  in  compari­
son to  th e  c o n tro l g roup . In com parison to  th e  r e s u l t s  fro® 
Experiment 2, th e  d a ta  would In d ic a te  th a t  s to ra g e , a t  
e i th e r  room tem p era tu re  or under r e f r i g e r a t i o n ,  was w ithou t 
e f f e c t  upon th e  p ig m en t-su p p ressin g  p r o p e r t ie s  o f  t h i s  sam ple.
Menhaden meal Ho. 1 , a s  in  Experim ents 1 and 3 b u t in  
c o n t r a s t  t© i t s  e f f e c t  in  Experiment 2, s ig n i f i c a n t ly  sup-
TABLE 14. Summary of results of Experiment H.
L e a s t s i g n i f i c a n t  
d iffe ren ces® ®
Or© up
B asa l
D ie t Supplem ent to  b a s a l
Ave. c o lo r  
s c o re s 4 weeks 6 weaks ■iAve. w t. M o r ta l i ty  to  6
4 wks. 6 wks. 5$ 1* 5*
6 tries. w atki
%
1 6 Mon© 1 2 .4 1 1 .7 - 260 32
2 6 15$ menhaden m eal No. 1 9 -5 * * 9 .1 * * 1 .51 2.00 1 .17 1 .5 5 303 2U
? 8 15$ menhaden m eal Mo. 2 S .9** 9 .5 * * 1 .5 5 2 .0 5 1.21 1.60 339 36
k 8 15$ m eat s c ra p s  Ho. 1 10 .0** 9 .9 * * 1 .5 1 2.00 1 .16 1 .5 3 331 20
5 8 15$ m eat s c ra p s  Ho. V® 9 .6 * * g .  9** 1 .5 0 1 .9 7 1 .15 l  .51 320 20
6 8 15$ m eat s c ra p s  No. 2 9 .0 * * 9 .4 * * 1 .5 5 2 .0 5 1 .5 9 2.10 28k 72
7 8 15$ soybean o i l  m eal No. 1 1 2 .1 10.9 1.50 1 .9 7 1 .17 1 .5 5 368 2k
8 8 (7*5$  m eat s c ra p s  Ho. 1 * 
7*5$ soybean o i l  meal No. 1) 1 0 .6 * 9*2** 1.62 2 .1 k l . k i 1 .8 6 301 60
^ I d e n t i c a l  to  m eat s c ra p  Mo. 1 u sed  In  Experim ent 2 and group 4 o f  t h i s  ex p erim en t e x c e p t t h a t
I t  had been  s to r e d  u n d er r e f r i g e r a t i o n  d u r in g  th e  p e r io d  betw een E xperim en ts 2 and 4*
« € L ea s t s i g n i f i c a n t  d i f f e r e n c e s  i n  shank c o lo r  s c o re  betw een  group  1 and th© r e s p e c t iv e  g ro u p s .
d i f f e r e n c e ,  when com pared w ith  group  1 , s t a t i s t i c a l l y  s i g n i f i c a n t  betw een  th e  5$ and 1$ 
l e v e l .
♦ ♦ D if fe re n c e  when com pared to  group  1 , s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th© 1$ l e v e l .
n
p re sse d  shank p ig m en ta tio n .
Soybean o i l  meal Ho. 1 , a s  In  Experiment 1 h u t In  eon- 
t r a s t  to  I t s  e f f e c t  in  Experiment 2, was w ith o u t s ig n i f ic a n t  
e f f e c t  on th e  shank c o lo r sc o re .
The two new p ro d u c ts , menhaden meal Ho. 2 and meat 
sc rap s  Mo. 2, suppressed  shank pigm entation to  a  d eg ree  th a t  
was s t a t i s t i c a l l y  s ig n i f i c a n t  beyond th e  one p e rc e n t le v e l  
a t  b o th  four and s ix  weeks.
As th e  sample o f  soybean o i l  meal ex e rted  no e f f e c t  on
shank p ig m en ta tio n , th e  su p p ress io n  observed in  group S o f
Experiment 4 a s  a r e s u l t  o f  in c lu s io n  o f  7*5 p e rc e n t o f  meat
sc ra p s  Ho. 1 and 7*5 p e rc e n t o f  soybean o i l  meal Ho. 1 are
*
s u r p r i s in g .  The shank c o lo r  sco re  i n  t h i s  group was s t a t i s ­
t i c a l l y  s ig n i f ic a n t  beyond th e  one p e rc e n t le v e l  and was 
p r a c t i c a l l y  equal to  th a t  o f  group 4 , which had re c e iv e d  15 
p e rc e n t o f  meat sc ra p s  Ho. 1 .
Experiment Jk Experiment 5 was d esigned  to  t e s t  th e  
p ig m en t-su p p ress in g  p r o p e r t ie s  o f  th e  e th e r  so lu b le  f r a c t io n  
o f  meat sc rap s  Ho. I .  The r e s u l t s  o f  t h i s  experim ent a re  
summarized in  Table 15 and in d ic a te  th a t  th e  cause o f  th e  
p ig m en t-su p p ress io n  i s  n o t so lu b le  in  e th e r .
F if te e n  p e rc e n t o f  meat sc rap s  Ho. 1 was Included  in  
th e  d i e t s  o f  two groups in  Experiment 5* The c o lo r  sco re  o f  
th e se  two groups was low er th an  th a t  o f  th e  p o s i t iv e  c o n tro l 
g roup , th e se  d if f e r e n c e s  being  s t a t i s t i c a l l y  s ig n i f ic a n t  
beyond th e  one p e rc e n t l e v e l .
The shank c o lo r  sco re  o f  group 4 , idiioh had re c e iv e d
TABLS 15. Summary of results of Hbcperlment 5
Group
B asal
D ie t M o d if lc a tio n s
Ave. c o lo r
L e a s t  s ig n i f ic a n t*  





M o r ta l i ty
to
s c o re s





1 Ba Non© I P . 5 172 16
2 Ba 15$ m eat s c ra p s  Ho. 1 7 . 9## 1 .6 4 2 .4 3 143 56
3 Ba '&ther e x t r a c t  o f  meat scrap®  No. 1© 1 2 .7 1 .4 5 1 .92 166 SO
1* Ba R esidue  o f  e th e r  e x t r a c t io n ^ 6 .6 * * 1.60 2 .1 2 135 kk
5 Ba 15$ m eat s c ra p s  No. 1 9 .0 * * 1 .9 2 2.5*4 117 6k
6 Ba N o n -s a p o n if ia b le  f r a c t i o n ^ 1 0 .6 * 1.63 2 .1 7 157 kit
, 7 Ba sm a f l lJ l.a 6 1 s_ l£ a a il2 B S ____________________ ....2.17 . . 1H£L___ ....  M  _
<Sfh@s© f r a c t i o n s  supp lem en ted  a t  a  l e v e l  e q u iv a le n t  to  30$ o f  th e  o r i g i n a l  p ro d u c t w ith  
th© e x c e p tio n  o f  th e  r e s id u a  o f  e th e r  e x t r a c t io n .  The r e s id u e  o f  e th e r  e x t r a c t io n ,  due  to  
I t s  hi<?h p r o te in  c o n te n t ,  was fed  a t  a l e v e l  e q u iv a le n t  to  15$ o f  th e  o r i g i n a l  p ro d u c t .
w ^Least s i g n i f i c a n t  d i f f e r e n c e  betw een  group 1 and th e  r e s p e c t iv e  g ro u p s .
d i f f e r e n c e ,  when compared w ith  group 1 , s t a t i s t i c a l l y  s i g n i f i c a n t  betw een th e  5$
1$ l e v e l s .
^ d i f f e r e n c e  when com pared w ith  grouo 1 , s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  X% l e v e l .
#0
th® re s id u e  o f  o th e r  e x tra c t io n  e q u iv a le n t to  15 p e rc e n t o f  
meat sc rap s  Mo. 1 , c lo s e ly  approxim ated th o se  o f th e  groups 
th a t  had been fed  15 p e rce n t o f  th e  o r ig in a l  p ro d u ct and was 
s ig n i f i c a n t ly  low er than  th a t  o f  th e  p o s i t iv e  c o n tro ls  be­
yond th e  one p e rc e n t l e v e l .
As was to  be expected , th e  e th e r  e x t r a c t  was w ithou t 
s ig n i f i c a n t  e f f e c t  on the  shank c o lo r  sc o re . However, th e  
n o n -sa p o n if ia b le  f r a c t io n  th e re o f  d id  su p p ress  p igm en ta tion  
o f  th e  shanks to  an e x te n t th a t  was s t a t i s t i c a l l y  s i g n i f i ­
c a n t between th e  f iv e  p e rc e n t and one p e rc e n t l e v e l .  H it 
s a p o n if ia b le  f r a c t io n  a lso  suppressed  p ig m en ta tio n  o f  th e  
shanks somewhat b u t no t to  an e x te n t th a t  was s t a t i s t i c a l l y  
s ig n i f i c a n t .
Experiment 6 . Experiment 6 was d esigned  to  f u r th e r  
s tu d y  th e  d i s t r i b u t io n  o f  th e  p ig m en t-su p p ressin g  f a c to r  and 
d e term in e  i f  any r e l a t i o n  e x is te d  between th e  m in era l com­
ponen t o f  meat sc ra p s  Mo. 1 and i t s  p ig m en t-su p p ressin g  p ro ­
p e r ty .
fhe r e s u l t s  o f  Experiment 6 a re  p re se n te d  in  f a b le  16. 
U n fo rtu n a te ly , th e  l o t  o f  meat scrap  Mo. 1 used in  t h i s  ex­
p erim en t d id  no t s ig n i f ic a n t ly  su p p ress th e  p ig m en ta tio n  o f  
th e  shanks. This was th e  f i f t h  l o t  o f  t h i s  p roduct used and 
th e  f i r s t  to  f a l l  to  s ig n i f i c a n t ly  supp ress th e  shank c o lo r  
s c o re . Since th e  o r ig in a l  p roduct f a i l e d  to  s ig n i f i c a n t ly  
su p p ress  shank p ig m en ta tio n , as  was to  be expected  th e  ash  
th e re o f  a lso  f a i l e d  to  s ig n i f i c a n t ly  a f f e c t  shank pigmen­
t a t i o n .  However, a t  fo u r weeks th® shank c o lo r  sco re  o f  th e
TABLU 16. Summary of results of ISxperlment 6.
Supplem entation to  
b a sa l d ie t
Ave. o o lo r  sco res




l Wt. a t  
\5 vke. 
gam.
M o rta lity  
to  
5 wks.
............ 1 ...... ....
Group 4 wks. ! 5 w ks.
4 whs. i_5_ 5<_._.. 1 *  I M  : 1 % _j
1 P o s it iv e  co n tro l 9-00 1 1 .7
\1
302 a
2 15$ meat scraps No. 1 g.OO 1 1 .4 1 .4 0 1.&5 1 .3 5 1 .7 9 z m 4
3 1 3 %  meat scrap s No. 3 S .10 9 . 7 ** 1 .4 0 1 .6 5 1 .3 5 1 .7 9 279 4
k 13% blood meal No. 1 7 .70 9-5** 1 .4 0 1.&3 1 .3 5 1-79 255 4
5 Ash meat scraps No. 1 1 0 .1 1 1 .7 1*37 1 .6 2 1 .32 1 .7 5 236 0
6 F errlo  ammonium s u l f a t e s „ U A _ ............... ... 3L*.S5_ . U L 296...j .. 12______
© F erric  ammonium s u l f a t e  s u f f i c i e n t  to  supp ly  I ro n  e q u iv a le n t to  t h a t  c o n ta in e d  in  15 
p e r c e n t  o f  m eat s c ra p s  Wo. 1 .
©©Least s i g n i f i c a n t  d i f f e r e n c e s  b e t  tureen group 1 and th e  r e s p e c t iv e  group®.
^ D i f f e r e n c e ,  when com pared to  group 1 , s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  \% l e v e l .
i  2
group fed  th e  ash  o f  mast sc rap s  Ho. 1 was s ig n i f ic a n t ly  
g r e a te r ' beyond th e  one p e rc e n t le v e l  than  th a t  o f  th e  group 
fed  th® meat s c ra p s . At f iv e  weeks th e  shank c o lo r  sco re  
o f  th e  form er was s l i g h t ly  h ig h e r  than  th a t  o f  th® l a t t e r  
b u t th e  d i f f e r s n c t  was no lo n g e r  s t a t i s t i c a l l y  s ig n i f i c a n t .
The two new p ro d u c ts  te s te d ,  meat sc rap s  Ho. 3 and 
b lood  meal Ho. 1 , s ig n i f i c a n t ly  d ep ressed  th e  shank c o lo r  
sc o re  beyond th e  one p e rc e n t l e v e l .
In c lu s io n  o f  f e r r i c  ammonium s u l f a te  in  th e  d i e t  a t  a 
le v e l  th a t  fu rn ish e d  th e  same q u a n t i ty  o f  i r o n  a s  15 p e rc e n t 
o f  meat sc rap s  Mo. 1 was w ithou t e f f e c t  on th e  shank c o lo r  
s c o re .
m arl zed in  Table 17* This experim ent was designed  to  iso*  
l a t e  new sou rces o f  p ig m en t-su p p ressin g  p o te n t f e e d s tu f f s .  
Also in c lu d ed  were groups to  t e s t  th e  p ig m en t-su p p ressin g  
p r o p e r t ie s  o f  cod l i v e r  o i l  and th e  supplem entary e f f e c t  o f  
th e  cod l i v e r  o i l  and two o f  th e  o th e r  p ro d u c ts  te s te d .
Of th e  th re e  feed s tu ff®  te s te d ,  two proved to  p o ssess  
p ig m en t-su p p ress in g  p o ten cy . The meat and bone sc rap s  Mo. 1 
and f i s h  s e a l  Mo. 3 s ig n i f ic a n t ly  suppressed  th e  shank c o lo r  
sc o re , th e  form er between th e  f iv e  p e rc e n t and one p e rc e n t 
le v e l  bu t v ery  c lo se  to  th e  one p e rc e n t l e v e l  and th e  l a t t e r  
beyond th e  one p e rc e n t l e v e l .  The f i s h  meal base v itam in  
c a r r i e r  was w ithou t e f f e c t  on th® shank c o lo r  sc o re .
In c lu s io n  o f  th re e  p e rc e n t o f  cod l i v e r  o i l  i n  th e  
b a s a l  d i e t  r e s u l te d  in  a  low ering  o f  th e  shank c o lo r  sc o re .
7* The r e s u l t s  o f  experim ent 7 a re  sum-
m m * *  *
TABLE 17. Summary of results of Experiment 7*
Ave. co lo r
Group M odifications scores  
5 whs. !...  1 i . . .
:5 idee, 





2 X3% meat and bone scraps Ho. 1 2.33* .52 .69 356 6
3 15$ f i s h  meal base vitam in ca rr ier 3.00 .51 M 393 0
k 15% f i s h  meal Ho. 3 2.19** .51 . 6E 379 0
5 3$ cod l iv e r  o i l 2 . 20** .52 .69 257 6
6 As 2 ♦ 3$ cod l iv e r  o i l 2 . 20** .57 .76 251 30
7 As k + cod l iv e r  o i l . .J U 5 3** ..___>.52__~ i__JaS,.— _ 2& _ ...0- ............
Least s ig n if ic a n t : M orta lity
#Least s ig n if ic a n t  d iffe r e n c e  between group 1 and the r e sp e c t iv e  groups.
d i f f e r e n c e ,  when compared to group 1 , s t a t i s t i c a l l y  s ig n if ic a n t  between the 5% and 
1% l e v e l .
^ d if f e r e n c e ,  when compared to group 1 , s t a t i s t i c a l l y  s ig n if ic a n t  beyond the 1% 
l e v e l .
s ig n i f i c a n t  beyond th e  one p e rce n t 1 e r e l . $hsn th re e  p e r­
ce n t o f  cod l i v e r  o i l ,  in  a d d itio n  to  f i s h  meal No. 3# was 
in c lu d ed  in  th e  d i e t  th e  su p p ress io n  o f p ig m en ta tio n  was 
much g r e a te r  than  when e i th e r  was in c lu d ed  a lo n e . However, 
th e re  was no supplem entary e f f e c t  between th e  cod l i v e r  o i l  
and meat and bone sc rap s  No. 1 . The shank c o lo r  sco re  o f  
group 5# which re c e iv e d  th e  cod l i v e r  o i l  a lo n e , was id e n t i ­
c a l  w ith  th a t  o f  group 6, th e  d ie t  o f  which co n ta in ed  3 
p e rc e n t o f  cod l i v e r  o i l  and 15 p e rc e n t o f  meat and bon® 
sc ra p s  No. 1 .
Ixpertm sn t j$. This experim ent was conducted to  a sc e r­
t a in  th e  e f f e c t  o f  h e a t  on th e  p ig m en t-su p p ressin g  p ro p e r t ie s  
o f  meat and bone sc ra p s  and f i s h  m eal, th e  r e s u l t s  a re  p re ­
sen ted  in  Tables IS  and 19.
The l o t  o f  meat and bone sc rap s  No. 1 used in  t h i s  
experim ent was w ithou t s ig n i f i c a n t  e f f e c t  on th® shank c o lo r  
sc o re  a s  were th® d ry -h e a te d  and au to c lav ed  samples o f  t h i s  
p ro d u c t .
f i s h  meal if©.  3 suppressed  p ig m en ta tio n  o f  th e  shanks 
to  a degree th a t  was s ig n i f ic a n t  beyond th® on® p e rc e n t le v e l .  
D ry-heated  f i s h  meal No. 3 d id  no t supp ress p ig m en ta tio n  to  
th e  e x te n t th a t  th e  u n tre a te d  p roduct d id .  However, th e  
su p p ress io n  was s t i l l  s ig n i f ic a n t  beyond th e  one p e rc e n t 
l e v e l .  As shown in  Table 19 th e  d if fe re n c e  between th® un­
t r e a te d  group and th e  d ry -h e a t t r e a te d  group was n o t s ig ­
n i f i c a n t .  The sample o f  f i s h  meal Mo. 3 t h a t  had been 
au to c lav ed  d id  n o t su p p ress p ig m en ta tio n  to  an e x te n t th a t
fABLE IS. Summary of results of Experiment 5*
G roups S upplem ent to  b a s a l  d i e t Ave.
c o lo r
s c o re s
L e a s t  i 
s i g n i f i c a n t  * 
aiff«r»noM9;
*«■ ■« 1* a
Ave. w t. 
5 w ks.
mm i ■■mi
M o r ta lity
10 A 13 *» lo n e 1
a
5.66
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^ L e a e t s i g n i f i c a n t  d i f f e r e n c e s  betw een  g roups 10 and 13 and tb s  r e s p e c t iv e  g ro u p s . 
# * D if fe re n e e ,  when com pared to  group  1 , s t a t i s t i c a l l y  s i g n i f i c a n t  beyond  th e  1% l e v e l .
TABLE 1 9 . Differences and lea st sign ificant differences between groups receiving beat
treated and untreated products In Experiment &.
Treatment
\ Difference In 
\ shank color 
Groups * score fee-
; tween treated 
; and untreated 





Difference in  
shank color 
score be­












8 * 9  ; +0.85i
...S-JlJSL. L .  .iLJSL* ....
1 . 1 9
1 . 2 2
1 . 5 8  U  * 7 ♦ o ^ f
gfiU A3— . ,«
•
1 . 1*2 i 1.88
I
* Significantly greater than that of the untreated group between the 3% and 1% 
level a.
was s t a t i s t i c a l l y  s ig n i f i c a n t  whan compared to  th e  p o s i t iv e  
c o n tro l  group. As shown in  Table 19 th e  shank c o lo r  sco re  
o f  groups 2 and 5# which had been fe d  th e  au to c la v ed  f i s h  
m eal, was s ig n i f i c a n t ly  g r e a te r  between th e  f iv e  p ercen t  
and one p e rc e n t l e v e l s  th an  th a t  o f  groups 11 and 12, which
re c e iv e d  th#  u n tr e a te d  f i s h  meal in  t h e i r  d i e t .
Experiment § was conducted in  d u p l ic a te .  However, th e  
d a ta  o f  th e  d u p lic a te  groups has h e m  p re se n te d  as a s in g le  
g roup . A nalysis  o f  v a r ia n c e  fo r  r e p l i c a t i o n  gave an alm ost 
u n b e lie v a b ly  low F v a lu e  o f  0*53^* An F v a lu e  o f  253 a t
th e  f iv e  p e rc e n t le v e l  and o f  &J2J a t  th e  one p e rc e n t le v e l
I s  n ec essa ry  fo r  s ig n i f ic a n c e  fo r  th e  d eg rees  o f  freedom 
In v o lv ed . In  view  o f  th e  sm all amount o f  th e  t o t a l  v a r ia t io n  
due to  v a r ia t io n  between th e  d u p l ic a te s ,  t h i s  p ro ced u re  i s  
J u s t i f i e d .
Experiment T his experim ent was d es ig n ed  to  in v e s t i -  
g a t#  th e  p o s s i b i l i t y  o f  a r e la t io n s h ip  betw een th e  pigm ent- 
su p p ress in g  p ro p e r ty  o f  meat and bone sc rap s  Bo. 1 and th e  
c a ro te n e  d e s tro y in g  power o f  meat and bone sc ra p s  re p o r te d  
by aherwood and Fraps (53)* A summary o f  th e  r e s u l t s ,  which 
were e s s e n t i a l ly  n e g a tiv e , i s  p re se n te d  in  Table 20.
A com parison o f  group 7* f&d th e  v itam in  A d e f ic ie n t  
b a s a l  d i e t ,  and group 5# fsd  th e  v itam in  A d e f ic ie n t  b a sa l 
d i e t  p lu s  20 p e rc e n t o f  meat and bone sc ra p s  Mo. 1, r e v e a ls  
th e  e s s e n t i a l ly  n e g a tiv e  c h a ra c te r  o f  th® r e s u l t s .  At f iv e  
weeks o f  age th e  t o t a l  m o r ta l i ty  in  group 7 had reached  
93 .4  p e rcen t w ith  a t o t a l  m o r ta l i ty  o f  73*^ p e rc e n t being
TABLE 20. Summary of results of Experiment 9*
Groups
Supplem ent to  
v ita m in  A d e f i c i e n t  
d i e t
M o r ta l i ty
$
M o r ta l i ty  a t t r i b u t e d  
to  v ita m in  A 
d s f i c i  eney 
%
Ave. w t. 
5 w ks.
Hjjjp® ® •
7 None 93-4 73-4 150
1 0 .5 $  a l f a l f a  l e a f  m eal 1 2 .5 12 .5 156
13 0 .5 $  a l f a l f a  l e a f  meal 3 7 .5 12 .5 l «3
8 1 .0 $  a l f a l f a  l e a f  meal 1 2 .5 12 .5 175
11 1 .0 $  a l f a l f a  l e a f  m eal 0 .0 0.0 151
2 1 .5 $  a l f a l f a  l e a f  meal 1 2 .5 0.0 194
12 1 .5 $  a l f a l f a  l e a f  meal 0 .0 0.0 198
6 2 .0 $  a l f a l f a  l e a f  m eal 1 2 .5 0.0 166
14 2 .0 $  a l f a l f a  l e a f  meal 1 2 .5 0.0 205
5 20$ m eat and bone s c ra p  No. 1 6o.o 46.7 190
9 As 5 * 0 .5 $  a l f a l f a  l e a f  m eal 1 2 .5 0.0 256
17 As 5 + 0 .5 $  a l f a l f a  l e a f  m eal 25.0 12.5 227
3 As 5 * 1 .0 $  a l f a l f a  l e a f  m eal 25 .0 1 2 .5 271
15 As 5 * 1 -0 $  a l f a l f a  l e a f  meal 0 .0 0 .0 263
4 As 5 * 1 .5 $  a l f a l f a  l e a f  m eal 0 .0 0 .0 269
18 As 5 + 1*5$ a l f a l f a  l e a f  m eal 0 .0 0 .0 296
10 As 5 ♦ 2 .0 $  a l f a l f a  l e a f  meal 0 .0 0 .0 207
16 As 5 * 2 .0 $  a l f a l f a  l e a f  meal 0 .0 o • o 8
m
a ttr ib u ted  to  v itam in  A d e f ic ie n c y . The t o t a l  m o r ta l i ty  in  
group 5 a t  th e  te rm in a tio n  o f  th e  experim ent amounted to  
60.0  p e rc e n t and th e  t o t a l  m o r ta l i ty  a t t r i b u t e d  to  v itam in  A 
d e f ic ie n c y  amounted to  ^6*7 p e rc e n t .  The one ch icken  r e ­
m aining in  group 7 a t  th e  te rm in a tio n  o f  t h i s  experim ent ex­
h ib i t e d  d e f in i t e  symptoms o f  v itam in  A d e f ic ie n c y  as d id  a l l  
th o se  rem ain ing  in  group 5 -
Due to  th e  f a c t  th a t  th© pigm ent c o n te n t o f  most h ig h ly  
pigm ented d i e t  was so low , th e  c o lo r  o f  th e  shanks o f  th e  
p o s i t iv e  c o n tro l  ch ickens th a t  had been fed  t h i s  d ie t  was a 
minimum v a lu e , liien  a tte m p ts  were made to  m easure th© shank 
c o lo r  o f  groups 6 and I k  and groups 10 and 16 fo r  com parison 
th e  v a lu e s  fo r  a l l  groups were a  minimum. I t  was im p o ssib le  
to  s e l e c t  from e i th e r  o f  th e se  g roups any ch icken  th a t  had 
m easurab ly  d a rk e r  co lo red  shanks th an  th o se  o f  groups 5 and 
7 , which had re c e iv e d  p r a c t i c a l l y  p ig m e n t-fre e  d i e t s .
Experiment 1 0 . Experiment 10 was an expansion o f  Experi­
ment £ . The same sample o f  f i s h  meal No. 3 nnd a sample o f  
meat and bone sc ra p s  So. 1 d i f f e r e n t  to  t h a t  used  In  Experi­
ment £ were te s te d  in  Experiment 10* .Also In c lu d ed  were one 
u n te s te d  sample each o f  f i s h  meal and meat sc ra p s  and au to ­
o l a ved sam ples o f  each o f  th e s e  fo u r p ro d u c ts . Th© r e s u l t s  
a re  p re se n te d  in  T ables 21 and 22.
The r e s u l t s  o f  th e  a u to c la v in g  o f  th e  f i s h  meal No. 3 
a r t  in  c lo se  agreem ent w ith  th o se  o f  Experiment £ . Th© shank 
c o lo r  o f  group 6 , which had re c e iv e d  au to c lav ed  f i s h  meal 
No. 3 I t s  d i e t ,  was s ig n i f i c a n t ly  g r e a te r  beyond th e  one
21. Summary o f  r e s u l t s  o f  Experiment 10
Group
Supplem ent to  




1 F ish  meal No. 3 3 .20**
6 A utoclaved f i s h  meal No. 3 4 .4 6 * *
5 F ish  meal No. *4 4 .0 6 **
9 A utoclaved f i s h  meal No. *4 4 .0 6 **
6 Meat and bone scrap s No. 1 4 .2 5 * *
2 A utoclaved meat and bon© scraps No. 1 4 .7 1 *
7 Meat scraps No. k 4 .7 5 *
k Auto olav.9d__fli.3al__afiraM^ito. .4 . .... ! ...JU53**
L e a s t s i g n i f i c a n t  : s Mortal-*
d if fe re n c e s ©  : Ave. w t . : I t y





































# L e a s t s i g n i f i c a n t  d i f f e r e n c e  betw een group 3 and th® r e s p e c t iv e  g ro u p s .
* D lf fe re n c e , whan com pared to  group J , s t a t i s t i c a l l y  s i g n i f i c a n t  betw een  th e  5$ and 
1% l e v e l s .
* * B lf f a re n c s ,  when com pared to  group s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  \%  l e v e l .
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TABLE 22. D ifferen ces ant le a s t  s ig n if ic a n t  d iffe r e n c e s  
b e tw e n  groups rece iv in g  the untreated ant  








le a s t
s ig n if ic a n t






Flat* meal to . 3 : ♦1 . 2***
♦
-73 : .95
5  ant 9 F ish  meal Mo. k : 0 . 0 0 .*7  1 * 8 8
i  and 2
*
Meat ant bon#' scraps Mo. 3: * 0 . 5^
*
* 5 • 8 8
Lm AA.
♦ ♦ S t a t is t ic a l ly  s ig n if ic a n t  beyond the IS l e v e l .
$2
p e rc e n t le v e l  th an  th a t  o f  group 1 , I t s  c o n t ro l ,  b u t s ig ­
n i f i c a n t l y  sm a lle r  beyond th e  one p e rc e n t le v e l  than  th a t  o f  
th e  p o s i t iv e  c o n t ro l .
A utoolavlng was w ithou t s ig n i f ic a n t  e f f e c t  on th e  p ig -  
meat su p p ress in g  power o f  any o f  th e  o th e r  fo o d s tu f f s  te s te d  
a s  showa l a  fa b le  22.
growth and m o r ta l i ty . In  ex p e rim en ta tio n  o f  t h i s  n a tu re  
i t  i s  h ig h ly  d e s i r a b le  th a t  th e  experim en ta l d i e t s  support 
normal growth and l i v a b i l i t y .  Many o f  th e  d i e t s  used in  
th e s e  experiments do n o t meet th e se  requirem ents, if f o r t s  
to  d e s ig n  a r a t io n  th a t  met th e se  requirem ents and was a t  
th e  same tim e s a t i s f a c to r y  fo r  measurement o f  th e  pigm ent- 
su p p ress in g  p r o p e r t ie s  o f  the  feed stu ff®  under t e s t  met w ith  
l i t t l e  su c cess . In  th e  fo rm u la tio n  o f  d i e t s ,  th e  f a c to r  o f  
prim e Im portance was th a t  they  c o n ta in  no v a r ia b le  component 
t h a t  m ight in f lu e n c e  th e  c o lo r  o f th e  shanks. Included  l a  
t h i s  ca teg o ry  a re  fe e d s tu ffs  th a t  c o n ta in  xanthophyll and 
o th e r s  th a t  m ight be sources o f th e  p igm en t*suppressing  fa c ­
t o r .
As growth and l i v a b i l i t y  were no t o f  prim e c o n s id e ra tio n  
in  th e se  ex perim en ts , d is c u s s io n  on th e se  two s u b je c ts  was 
o m itted  from th e  p re s e n ta t io n  o f  th e  r e s u l t s  o f  th e  in d iv id ­
u a l experim en ts . There was c o n s id e ra b le  v a r ia t io n  in  growth 
and m o r ta l i ty  o f  th e  ch ickens on th e  v a r io u s  r a t io n s  b o th  
w ith in  and between ex p erim en ts . The rat®  o f  growth on b a s a l 
d i e t  th re e ,  Ifcpariment 1 was v ery  slow and l i v a b i l i t y  was 
e x c e l le n t .  However, when t h i s  d i e t  was supplem ented w ith
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f i s h  meal Mo. 1 * th e  r a t e  o f  growth was ap p re c ia b ly  ac­
c e le r a te d  feat m o r ta l i ty  m s  very  h ig h . Supplem entation w ith  
meat sc rap s  Mo. 1 had l i t t l e  e f f e c t  on th e  r a t e  o f  growth 
bat did  g r e a t ly  In c re a s e  th e  m o r ta l i ty .
The growth r a t e  and l i v a b i l i t y  on b a s a l  d i e t s  seven 
and e ig h t ,  Experiment 2* was s a t i s f a c to r y  b u t supplem ent 
t a t i o n  o f  th e se  d i e t s  w ith  meat sc rap s  Ho* 1 , menhaden meal
Ho* 1 and soybean o i l  meal No. 1 d ec reased  th e  r a t s  o f
grow th . L iv a b i l i ty  was e x c e lle n t  in  a l l  supplem ented groups 
excep t th e  soybean o i l  m eal, i n  which th e  m o r ta l i ty  amounted 
to  kQ p e rc e n t.
The r e s u l t s  o b ta in ed  u s in g  d ie t  e ig h t  in  Experiment k 
a re  in  com plete c o n t r a s t  w ith  th o se  o b ta in ed  on t h i s  d i e t  i n  
Experiment 2. In Experiment 2 th e  r a t e  o f  growth and l i v a ­
b i l i t y  had been e x c e lle n t  on t h i s  d i e t .  In Experiment k 
b o th  were f a r  from s a t i s f a c to r y .  Too, a l l  supplem ents used
in c re a se d  th e  r a t s  o f  g a in  w hile  in  Experiment 2 th e  w eight
o f  th e  meat sc rap s  supplemented group was d ep ressed  in  com­
p a r is o n  to  th e  p o s i t iv e  c o n tro l group. M o r ta lity  in  a l l  
g roups was co n s id ered  ex cess iv e , ran g in g  from 20 p e rc e n t to  
72 p e rc e n t .  There was no cause to  which t h i s  m o r ta l i ty  
could  be a t t r i b u t e d .
The r e s u l t s  o f  feparlm ent 5 , Table 15, as  f a r  a s  r a t e  
o f  grow th and m o r ta l i ty  a re  concerned , a re  v ery  s im ila r  to  
th o se  o f  Experiment h , Table lb .  M e t § and a s l i g h t  
m o d if ic a tio n  th e re o f  were used in  a t o t a l  o f th re e  e x p e ri­
m ents. In  on ly  one o f  th e s e , Experiment 2, d id  i t  produce
9H
normal growth and l i v a b i l i t y .
As a r e s u l t  o f  tb s  n ea r d i s a s t e r  to  t h i s  work due to  
th e  h ig h  m o r ta l i ty  and poor growth on d i e t s  $ and $A used 
in  Sxperim aats k and 5, r e s p e c t iv e ly ,  t h i s  r a t io n  was aban- 
doned and a d i e t  c lo s e ly  approach ing  a p r a c t i c a l  d i e t  was 
adopted  fo r  use in  Experiment 6 . As th e  re su lt®  g iven  in  
f a b le  16 in d ic a te  t h i s  r a t io n  supported  e x c e lle n t  growth and 
l i v a b i l i t y  in  t h i s  experim ent was good. However, th e  r a t io n  
was u n s a t is f a c to ry  in  th a t  i t  was no t so s e n s i t iv e  to  th e  
p ig m en t-su p p ress in g  f a c t o r .  The shank c o lo r  sco re  o f  th e  
p o s i t iv e  c o n tro l  group was approx im ate ly  th e  same a s  th a t  
o f  th e  p o s i t iv e  c o n tro l  group on d i e t  6 . However, th e  
supplem ents d id  not produce equal su p p ress io n  o f th e  shank 
c o lo r  sc o re . T his interpretation was no t te s te d  e x p e ri­
m en ta lly  and i t  may w ell have been th a t  th e  supplem ents 
used d id  no t p o sse ss  th e  p ig m en t-su p p ress in g  power o f  th o se  
u sed  p re v io u s ly .
The b a sa l d i e t s  used in  Experiment® f ,  $ and 10 p ro ­
duced s a t i s f a c to r y  growth and l i v a b i l i t y .  They were a lso  
very  s e n s i t iv e  to  so u rces o f  th e  p ig m en t-su p p ressin g  sup­
p lem ents a s  in d ic a te d  by th e  r e l a t i v e l y  la rg e  d if fe re n c e s  
between shank c o lo r  sco re  o f  th e  p o s i t iv e  c o n tro l  and sup­
plem ented g roups,
The d i e t s  used in  Experiment 3 , th e  r e s u l t s  o f  which 
a r t  summarised in  fa b le  13, were co n sid ered  p r a c t i c a l  d i e t s ,  
d ro u th  on th e se  d i e t s  was s a t i s f a c to r y ,  however, m o r ta l i ty  
was very  h ig h . A p o r tio n  o f  th e  m o r ta l i ty  in  t h i s  e x p e r t-
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meat I s  ex p la in ed  by an in v a s io n  o f  pmlloru® d is e a s e .  I t  i s  
d o u b tfu l i f  t h i s  f a c to r  accoun ts f o r  th e  d if f e r e n c e s  in  mor­
t a l i t y  observed  between g roups.
DISCUSSION
I t  was th e  pu rpose  o f  t h i s  s tudy  to  d eterm ine  i f  com­
p onen ts  o f  th e  d i e t  o f  th e  growing ch ick en s , o th e r  th an  th e  
c o n c e n tra tio n  o f  xan thophy ll in  th e  d i e t ,  in f lu e n c e d  th e  
i n t e n s i t y  o f  th e  yellow  c o lo r  o f  th e  shanks o f  b reed s  o f  
o h icksns th a t  d e p o s it  yellow  pigm ent in  t h e i r  shanks. S ince 
Palm er (35) dem onstra ted  th a t  th e  yellow  pigm ent o f  ch ickens 
was x an th o p h y ll, and id e n t ic a l  to  th a t  o f  p l a n t s ,  i t  h as  
been g e n e ra lly  assumed th a t  th e  in t e n s i t y  o f  th e  c o lo r  o f  
th e  v i s i b l e  sk in  p a r t s  o f  p rov ing  ch ickens was c o n tro l le d  
e x c lu s iv e ly  by th e  amount ©f xan thophy ll in  th e  d i e t ,  fh e  
d a ta  p re se n te d  h e re ,  and th e  r e s u l t s  o f  o th e r  r e s e a rc h  work 
p u b lish ed  d u rin g  the p e rio d  th a t  t h i s  work h as  been in  p ro ­
g r e s s ,  re n d e r  t h i s  th eo ry  no lo n g e r  te n a b le .
th e  r e s u l t s  o f  a l l  experim en ta l t r i a l s  u s in g  u n tre a te d  
feed s  t u f f s  a re  summarised in  f a b le  2J.  A t o t a l  o f  3D sam ples 
o f  commonly used feed s tu ff©  were te s te d  fo r  t h e i r  p igm ent- 
su p p reasin g  power. tw en ty -fo u r o f  th e s e  sam ples s i g n i f i ­
c a n tly  d ep ressed  th e  shank c o lo r  sco re  and s ix  f a i l e d  to  do 
so . In  g en e ra l anim al p ro te in  supplem ents were th e  w orst 
o f fe n d e rs .
M int sam ples o f  fo u r b rands ©f f i s h  meal and one o f  a 
f ish  meal b ase  v ita m in  c a r r i e r  were t e s t e d .  E ight o f  th e
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TABLS 2 J .  Summary o f resu lts  o f feeds tu ffs  tested  la  ©eperi-
meats 1 to 10 , Inclusive.
Sample
Ho. o f  tim es 
te s ted
Ho. o f  tim es 
p o s it iv e
Mo. o f  tlmei 
n eg a tiv e
Soybean o i l  meal 
Ho. 1 3 1 2
Menhaden meal Ho. 1 % 3 1
Menhaden meal Ho. 2 1 1
Fish meal Ho. 3 3 3
Fish meal Ho. k 1 1
Fish meal base vitam in  
ca r r ie r 1
- 1
Meat scraps Ho. 1 9 i
■
Meat seraps Ho. 2 1 1
Meat scraps Ho* 3 1 1
Meat scraps Ho. ^ 1 1
Meat and bone scraps 
io .  1 3 2 1
liiea t f lo u r  m iddlings 1 1
H ood meal No. 1 1
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f i s h  meal sam ples s ig n i f ic a n t ly  low ered th e  shank c o lo r  sc o re . 
One sample o f  f i s h  meal and th e  sample o f  f i s h  meal hase  
v ita m in  c a r r i e r  were w ithou t s ig n i f ic a n t  e f f e c t  on t h i s  
e n t i t y .
Of 15 sam ples o f  meat sc rap s  and meat and hone sc rap s  
o f  f iv e  d i f f e r e n t  b rands te s te d ,  13 sam ples s ig n i f ic a n t ly  
d ep ressed  th e  shank c o lo r  sc o re .
One sample o f  blood meal was te s te d  w ith  p o s i t i r e  r e ­
s u l t s .
Two fe e d s tu f f s  o f  p la n t  o r ig in  were t e s t e d .  They were 
th r e e  sam ples o f  on# brand o f  soybean o i l  meal and one sample 
o f  wheat f lo u r  m id d lin g s . The soybean o i l  meal s ig n i f ic a n t ly  
low ered  th e  shank c o lo r  sc o re  in  on ly  one o f the  th re e  t r ia l® . 
I f  th e  wheat f lo u r  m idd lings ex e rte d  any e f f e c t  I t  was p ig ­
m ent-prom oting in  th e  one experim ental t r i a l  conducted .
The p ig m en t-su p p ressin g  po tency  o f in d iv id u a l  f e e d s tu f f  
v a r ie d  w ith  d i f f e r e n t  l o t s  used in  d i f f e r e n t  experim ents. 
Menhaden meal i o .  1 s ig n i f ic a n t ly  low ered th e  shank c o lo r  
sc o re  In th re e  o f  fo u r  experim en ta l t r i a l s  and was w ithou t 
e f f e c t  in  one experim en ta l t r i a l .  The same s i tu a t io n  exist®  
w ith  re g a rd s  to  th e  r e s u l t s  o b ta in ed  w ith  meat sc rap s  No. 1 
and meat and bon# sc ra p s  Mo. 1 . In  e ig h t o f  n in e  te st®  th e  
form er was p o s i t iv e  in  su p p ress in g  p igm en ta tion  o f  th e  shanks 
and was n e g a tiv e  in  one t e s t .  The l a t t e r  gave p o s i t iv e  r e ­
sult®  tw ice  and n e g a tiv e  r e s u l t s  once in  th r e e  experim ental 
t r i a l® .
Mo s a t i s f a c to r y  e x p lan a tio n  fo r  th e  f a i l u r e  o f  d i f f e r e n t
9*
sam ples o f  th e  same brand o f a f e e d s tu f f  to  c o n s is te n t ly  
su p p ress  th e  pigm entation o f th e  shanks I s  in d ic a te d  by the  
experim ental r e s u l t s .  The only t e s t  in  which meat sc rap s  
Ho. 1 f a i l e d  to  s ig n if ic a n t ly  suppress p ig m en ta tio n  was i n  
Ssperlment 6, f a b le  16. th e  r a t io n  used in  th is  experim ent 
had not been used p re v io u s ly  and was n o t used th e rea fter .
Hie one p o s i t iv e  r e s u l t  w ith  soybean o i l  meal Ho. 1 and 
the one n e g a tiv e  r e s u l t  w ith menhaden meal Ha. 1 were a lso  
observed  on r a t io n s  that fo r  m m  rea so n  were no t te s te d  
w ith  th e se  p ro d u c ts  ag a in . The soybean o i l  meal was n e g a tiv e  
on d i e t  th r e e ,  Experiment 1 and p o s i t iv e  on d i e t  seven, 
Experiment 2. The raveree was true o f  menhaden meal Ho. 1 .
In  SEscperlaent 1 menhaden meal Mo. I  gave p o s i t iv e  r e s u l t s  
and in  g x p sriaen t 2 n e g a tiv e  re su lt® . D ie ts  three and seven 
were no t used a g a in , bu t on d i e t  e ig h t ,  Experiment th e  
r e s u l t s  w ith  th e s e  two p ro d u c ts  were th e  s c a t  a s  th o se  In  
Experiment 1,
These r e s u l t s  a re  most e a s i ly  exp la in ed  on th e  assump­
t io n  th a t  th e  pigm ent-suppressing p r o p e r t ie s  o f  d i f f e r e n t  
sam ples a re  due to  d i f f e r e n t  factor®  and th a t  some component 
o f  th e  d i f f e r e n t  d iet®  in te r fe r e s  w ith  th s  mseh&alsm o f  
p igm en t*suppression  In v o lv ed . The e f f e c t  o f  h e a t- tre a tm e n t 
on v a r io u s  p ig m en t-su p p ress in g  feed stu ff®  i s  c i te d  a s  e v i­
dence in  support o f  the p o s s i b i l i t y  o f d i f f e r e n t  f a c to r s  in  
d i f f e r e n t  samples o f  feedstuff®  being  re s p o n s ib le  fo r  th e  
p ig m en t-su p p ress in g  p r o p e r t ie s  th e re o f .  However, r e s u l t s  
w ith  meat and bone scrap® Ho. 1 a r t  in  com plete c o n f l ic t  with
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t h i s  e x p la n a tio n . The same basal r a t i o n  m s  used in SKperl* 
Ments 6 and 10, y e t in  & tperlasxit B, supp lem en ta tion  w ith  
a s a t  and bone sc rap s  Mo. 1, groups 6 and 1% in  f a b le  1 $# 
was without e f f e c t  on th e  c o lo r  ©f th e  shanks w hile  in  Sx~ 
perim en t 10 su p p lm a n ta tio n  w ith  meat and bon# sc rap s  io .  1 ,
g roups 2 and g , f a b le  21, r e s u i t e d  in th e  low ering  o f  th e
shank c o lo r  sco re  th a t  was h ig h ly  s ig n i f i c a n t .  In  view o f  
th e  l a t t e r  r e s u l t s ,  th e  most lo g ! cal assum ption  i s  th a t  th e  
c o n s t i tu e n ts  th a t  go in to  th e  m anufacture ©f th e  p ro d u c t o r  
th e  method o f  m anufactu re , o r  b o th , a f f e c t  th e  p lfpsen t- 
suppr ea s in g  potency o f  th e  p roduct produced.
th e  r e s u l t s  o b ta in e d  on th e  su p p ress io n  o f  pigment l a  
th e  shanks o f  ch ick en s  a re  in te r e s t i n g ly  s im ila r  to  th o se  
re p o r te d  by Sherwood and Fraps (53) oa th e  ©arc te a e -d e s tro y -  
la g  power ©f c e r t a in  anim al p ro te in  supplem ents, ^hese 
a u th o rs  re p o r te d  th a t  c e r ta in  sam ples o f  meat s c ra p s , when
in c o rp o ra te d  in to  th e  d i e t ,  d es tro y ed  th e  ca ro ten e  in  th e
d i e t .  In t h e i r  experim ents one o u t o f  f iv e  l o t s  o f  meat 
sc ra p s  te s te d  proved to  p o sse ss  the  power to  d e s tro y  caro ­
te n e .  In  th e  experim ents reported h ere  th e  p e rcen tag e  o f  
sam ples te s te d  th a t  e x h ib ite d  th e  an ti-x & n th o p h y il e f f e c t  
was much g r e a te r .  Sherwood and l^raps (53) observed
th a t  th e  ca ro ten e  d e s tro y in g  power o f  a g iv en  feed  v a r ie d  
from tim e to  tim e , ffeey d id  n o t s t a t e  w hether they  r e f e r r e d  
to  th e  same sample o f  feed  o r to  d i f f e r e n t  sam ples o f  th e  
same b ran d . S ince they  s p e c if ie d  a  g iv en  feed  i t  i s  assumed 
th a t  th ey  mean th e  form er. Mo v a r ia t io n  in  th e  a n t i-x a n th o -
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p h y ll  e f f e c t  betw een experim ents w ith  th e  same sam ple o f  
feed  was observed in  th e se  experim ents, b u t d i f f e r e n t  samples 
o f  th e  same brand o f  a g iven  f e e d s tu f f  d id  d i f f e r  In  t h e i r  
a n ti-x a n th o p h y ll  e f f e c t .
One to th e  f a c t  ca ro ten e  and th e  xanthophylls a re  so 
v ery  s im ila r  in  t h e i r  chem ical s t r u c tu re  i t  i s  w ith in  th e  
realm  o f  p o s s i b i l i t y  th a t  Sherwood and f ra p s  (53) were 
working w ith  th e  same I d e n t i ty  a s  th e s e  were d es ig n ed  to  
s tu d y . The r e s u l t s  o f  Experiment 9» which was designed  to  
t e s t  t h i s  p o s s ib le  r e la t io n s h ip ,  ware e s s e n t i a l l y  n e g a tiv e  
th rough  f a u l ty  d e s ig n . The same sample o f  meat and bone 
sc ra p s  Ko. 1 were used In  iSxperlnentt B and 9* In Experi­
ment $ , which was n o t com pleted p r io r  to  the beg inn ing  o f  
Experiment 9 , t h i s  sample o f  meat and bone sc rap s  e x h ib ite d  
no p i p ie a t- s u p p re s s in g  p o ten cy . In view o f  t h i s  r e s u l t ,  i f  
th e  experim ents o f  Sherwood and Fraps (53) were concerned 
w ith  th e  same f a c to r  a s  th e se  experim en ts , no d e s t ru c t io n  o f  
c a ro te n e  would be ex p ected . That th e re  was no a p p re c ia b le  
d e s t ru c t io n  i s  evidenced by a  com parison o f  groups 7* 1 and 
1 J , and $ and 11 to  groups 5# 3 nnd 17 , and 3 and 15 re sp e c ­
t i v e ly ,  in  Table 30. M o rta lity  to  f iv e  weeks was g r e a te r  i n  
th e  n eg a tiv e  c o n tro l ,  group J,  than  in  th e  n eg a tiv e  c o n tro l 
meat and bona sc ra p s  Ho. 1 , group 5* A lso, a h ig h e r  percen­
ta g e  o f  the m o r ta l i ty  in  group 7 th an  in  group 5 was a t t r i b ­
u te d  to  v itam in  A d e f ic ie n c y . Undoubtedly t h is  d if f e re n c e  
would have become d e c re a s ln g ly  sm a lle r had th e  experim ent 
been con tinued  to  a p o in t  idiere th e  t o t a l  m o r ta l i ty  in  group
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5 e q u a lle d  th a t  in  group 7* At th e  te rm in a tio n  o f  th e  ex­
p erim en t a l l  b i rd s  th a t  rem ained in  group 5 e x h ib ite d  d e f­
i n i t e  symptoms o f  v itam in  A d e f ic ie n c y . Had th e  experim ent 
been con tinued  u n t i l  th e s e  bird® d ie d , a g r e a te r  p e rcen tag e  
o f  th e s e  d e a th s , th an  o f th e  form er ones, would have un­
doub ted ly  been a t t r i b u te d  to  v itam in  A d e f ic ie n c y . Theo­
r e t i c a l l y ,  th e  d i e t s  o f  group® 7 5 o f  Experiment 9
co n ta in ed  no c a ro te n e  and, i f  so, i t  i s  lo g ic a l  to  a s k  what 
in fo rm a tio n  does th e  r e s u l t s  o f  th ese  groups y ie ld  th a t  i s  
p e r t in e n t  to  th e  q u e s tio n  under d is c u s s io n . A c tu a lly  th e  
r e s u l t s  y ie ld  no d i r e c t  in fo rm atio n  bu t c e r t a in  in fe re n c e s  
may be drawn th e re fro m . The f a c t  th a t  th e  m o r ta l i ty  was 
n o t ®o g re a t  in  group 5 in  group 7 would in d ic a te  th a t  
th e  meat sc rap s  p robab ly  co n ta in ed  a sm all amount o f  v itam in  
A. Too, th e re  was no a p p re c ia b le  d if fe re n c e  in  m o r ta l i ty  
a t t r i b u t e d  to  v ita m in  A d e f ic ie n c y  and th e  appearance o f  th e  
e x te rn a l symptoms o f  v itam in  A d e f ic ie n c y  between th e  groups 
th a t  had re c e iv e d  th e  v itam in  A b a s a l d i e t  supplem ented w ith
0 .5  p e rc e n t and 1 p e rc e n t a l f a l f a  l e a f  meal and th o se  th a t  
had re c e iv e d  th e  meat and bone sc rap s  Ho. 1 d i e t  supplem ented 
w ith  th e  same amount o f  a l f a l f a  l e a f  m eal. The shanks o f  
th e  chicken® th a t  had re c e iv e d  th e  most h ig h ly  pigm ented 
d i e t s  in  Experiment 9 were no t m easurably d a rk e r  in  c o lo r ,  
w ith  th e  methods used , than  th o se  on th e  p ig m e n t-fre e  d i e t s ,  
th e se  f a c t s  le d  to  th e  co n c lu s io n  th a t  th e  hoped fo r  r e s u l t s  
o f  t h i s  experim ent would n o t m a te r ia l is e  nor would i t  y ie ld  
any o th e r  p e r t in e n t  in fo rm a tio n . T h erefo re , i t  was d iso o n -
t in u e d .
fe e  r e p o r t  o f  Eubin, B ird and Be f o l t  (HE) and JuagC err 
(2^4) ©a th e  r a th e r  w idespread sv tta m ln o s is  4 in  commercial 
p o u ltry  f lo c k s , in d ic a te s  th e  n e c e s s i ty  f o r  f a r th e r  study  
on th e  p o s s ib le  r e l a t i o n  o f  the  ca ro ten e  d estroy in g  power 
and th e  a n tl-x a n th o p h y ll e f f e c t  o f  f e e d s tu f f s .  I t  i s  f e l t  
th a t  i r r e f u t a b l e  d em o n stra tio n  o f  a  d e f in i t e  r e la t io n s h ip  
betw een th e  a n ti-x a n th o p h y ll e f f e c t  and c a ro te n e  d e s tro y in g  
power o f  fe e d s tu f f#  would p a r t i a l l y  ex p la in  th e  re p o r te d  
w idespread a v ita m in o s is  A in  commercial p o u ltry  e n te r p r i s e s ,  
to o , i f  a  d e f in i t e  r e la t io n s h ip  was found to  e x is t  between 
th e s e  two p r o p e r t ie s  i t  would se rv e  a s  an a id  in  fo rm u la tin g  
p r a c t i c a l  m ashes. The r a th e r  e x te n s iv e  t e s t e  reported h e re , 
conducted over a p e r io d  o f  y e a rs , in d ic a te s  th a t  th e  a n t i -  
xan th o p h y ll e f f e c t  o f  meat sc rap s  and f i s h  m eals i s  r a th e r  
w idespread .
fee  r e p o r t  o f  Hammond and Earsh&w (16) th a t  cod l i v e r  
o i l  co n ta in ed  a  f a c to r  th a t  suppressed  th e  p ig m en ta tio n  o f  
th e  shanks o f  growing ch ickens suggested  th e  p o s s i b i l i t y  
th a t  th e  p ig m en t-su p p ressin g  e f f e c t  observed in  experim ents 
conducted p rev io u s  to  t h e i r  r e p o r t ,  m i^ it  be co n ta in ed  in  
th e  f a t - s o lu b le  p o r tio n  ©f th o se  f t e d s t u f f s  th a t  e x h ib ite d  
p lfp sen t-sa p p re ss in g  p o tency , f e a t  th e  e f f e c t s  observed  by 
th e s e  a u th o rs  i s  no t id e n t ic a l  to  th a t  re p o r te d  h e r#  i s  e v i­
denced by th e  r e s u l t s  o f  SXperintent 5 and r e p o r t s  th a t  have 
appeared  in  th e  l i t e r a t u r e  s in ce  th e  o r ig in a l  r e p o r t  o f  
Hammond and Harshaw (1 6 ) . fe e  p ig m en t-su p p ress in g  potency
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o f  meat sad  b o a t sc ra p s  lo .  1 was u n a ffe c te d  by ex traction  
w ith  e th e r  fo r  h o a r s . The r e a l  due o f  e th e r  e x t r a c t io n ,  
group h o f  Sxperlaent 5 summarised in  f a b le  15# suppressed  
th e  shank c o lo r  sco re  equal to  th a t  o f  th e  o r ig in a l  p ro d u c t, 
Mhen the e th e r  e x t r a c t  o f  t h i s  p roduct was Inc luded  in  th e  
d i e t ,  group 3 o f  th e  same experim ent, a t  a le v e l  eq u iv a le n t 
to  30 p e rc e n t o f  th e  o r ig in a l p ro d u c t, th e re  was so s lg n i f i -  
c a n t e f f e c t  on th e  shank c o lo r  sco re  when compared to  th a t  
o f  th e  p o s i t iv e  c o n t ro ls .
S u rp r is in g ly , th e  n o n -sa p o n if ia b le  f r a c t io n ,  when i n ­
cluded  in  th e  d i e t  a t  a le v e l  e q u iv a le n t to  JO p e rc e n t o f  
th e  o r ig in a l  p ro d u c t, suppressed  shank p ig m en ta tio n  to  a 
d eg ree  th a t  was s ig n i f ic a n t  between th e  f iv e  p e rc e n t and on® 
p e rc e n t l e v e l s ,  fh e  s a p o n if ia b le  f r a c t io n  a lso  suppressed  
th e  p ig m en ta tio n  o f  th e  shank, b u t t h i s  su p p ress io n  was no t 
s ig n i f i c a n t .  This su p p ress io n  o f  p ig m en ta tio n  by th e  sapon i­
f i a b l e  and n o n -sa p o n if ia b le  f r a c t io n s  o f  th e  e th e r  e x t r a c t  
was unexpected  in  view  o f  th e  r e s u l t s  o f  th e  group th a t  r e ­
ce iv ed  th e  r e s id u e  and e th e r  e x t r a c t ,  and i s  d i f f i c u l t  to  
e x p la in . The shank co lo r sco re  o f  th e  group th a t  had been 
fed  th e  re s id u e  was very  c lo se  to  th a t  o f  th e  n e g a tiv e  con­
t r o l  group, co n s id ered  ms evidence th a t  th e  p ig® ea t-supp res­
s in g  p ro p e r ty  o f  th e  o r ig in a l  p ro d u ct had been u n a ffe c te d  
by e th e r  e x t r a c t io n .
The d a ta  from th e  group fed  the e th e r  e x t r a c t  a re  
e q u a lly  conv incing  th a t e th e r  e x tra c t io n  was w ithou t e f f e c t  
on th e  p ig m en t-su p p ressin g  p rop erties o f t h i s  sam ple. tfhea
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th i s  f r a c t io n  was in c lu d ed  In the  d ie t*  a t  a le v e l  equ iva­
le n t  to  30 p e rce n t o f  the o r ig in a l  sam ple, th e  shank c o lo r  
sco re  was p r a c t i c a l ly  equal to th a t  o f  the  p o s i t iv e  c o n tro l  
group. Perhaps the  most lo g ic a l  ex p lan a tio n  is  one based 
on the e f f e c t  o f the  s a p o n if ic a t io n  and subsequent n e u t r a l ­
iz a t io n  o f the po tassium  hydroxide used . Too, the  r e p o r t  
by Maw and H iko la iczuk  (3*0 on the  re d u c tio n  o f the o aro - 
ten o id  co n ten t o f shank sk in  as a r e s u l t  o f in je c t io n  o f 
o n e -h a lf  cubic ce n tim e te rs  o f 15 p e rcen t e th y l  a lc o h o l, can­
no t be ignored  as a p o s s ib le  e x p la n a tio n . The f a t  was 
sa p o n if ie d  w ith a lc o h o lic  po tasslum -hydrox ide and the a l ­
cohol removed by d i s t i l l a t i o n  under reduced p re s s u re . Un­
doub ted ly  th is  d i s t i l l a t i o n  was n o t 100 p e rc e n t e f f e c t iv e .  
W hether the  feed in g  o f a lco h o l would produce r e s u l t s  s im ila r  
to  th o se  re p o rte d  by Maw and N ikolalcxuk (3*0 , as a r e s u l t  
o f  the  in je c t io n  o f a lco h o l i s  a  m a tte r  o f  s p e c u la tio n .
That a s im ila r  e f f e c t  could  r e s u l t  fro® o ra l  a d m in is tra tio n  
o f a lc o h o l i s  c e r t a in ly  w ith in  the  realm  o f  p o s s i b i l i t y .
The r e s u l t s  o f  Experim ent 5 d e f in i t e ly  in d ic a te d  
th a t  the p ig m en t-su p p ressin g  p ro p e r t ie s  o f cod l i v e r  o i l ,  
as re p o r te d  by Hammond and B&rshaw (1 6 ) , was no t id e n t ic a l  
w ith  th e  c a u sa tiv e  f a c to r  be ing  s tu d ie d  in  th e se  experim en ts . 
F u r th e r  p ro o f o f  the  n o n - id e n ti ty  o f th ese  two causes o f 
su p p ress io n  has been p re se n te d  by M attson and Deuel (33) 
and E ub is and B ird  (47)* M attson and Deuel (33) demon­
s t r a t e d  th a t  v itam in  A from sh ark  l i v e r  o i l  decreased  the  
c a ro te n o id  co n ten t o f the  l i v e r  and b lood  serum in  growing
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c h ick en s . Bubln and B ird (ifj)  re p e a te d  a p o r t io n  o f  the  
work o f  Hammond and Harshaw (16) and o b ta in ed  evidence 
th a t  th e  p ig m en t-su p p ressin g  e f f e c t  o f  cod l i v e r  o i l  was 
due to  i t s  v itam in  A c o n te n t. T his i d e n t i f i c a t io n  o f  the  
f a c to r  in  cod l i v e r  o i l  re s p o n s ib le  fo r  th e  su p p ress io n  o f  
p ig m en ta tio n  in  th e  shanks made f u r th e r  work on th e  com­
p a r iso n  o f  th e  two f a c to r s  u n n ecessa ry .
The pigm ent-suppressing potency  o f  f i s h  meal Ho. 3 was 
d e f in i t e ly  h e a t - l a b i l e .  In  Experiment 6 , th e  shank c o lo r  
sc o re  o f  groups 2 arm 5* w hich  had re c e iv e d  the  au tcc lav ed  
f i s h  meal Ho. 3 supplem ented d i e t ,  was s ig n i f i c a n t ly  h ig h e r  
between th e  f iv e  p e rc e n t and one p e rc e n t le v e l  than  th a t  o f  
i t s  c o n tro l ,  groups 11 and 12. However, a u to c la v in g  a t  15 
pounds o f p re s su re  fo r  fou r hours d id  no t com pletely  des­
tro y  th e  p ig m en t-su p p ressin g  p ro p e r ty  o f  t h i s  sample a s  
evidenced by a com parison o f  th e  shank c o lo r  sco re  o f  p o s i­
t iv e  c o n tro ls ,  group 10 and 13 in  Table 16 to  g ro u p s  2 and 
5 o f  t h i s  same t a b le .  The d if fe re n c e  between th e  p o s i t iv e  
c o n t ro ls  and th e  au too laved  f i s h  meal group was no t s ig ­
n i f i c a n t  b u t d id  c lo s e ly  approach s ig n if ic a n c e  a t  th e  f iv e  
p e rc e n t l e v e l .  The r e s u l t s  o f  Experiment 10 confirm ed th e  
h e a t - l a b i l e  n a tu re  o f  th e  p ig m en t-su p p ress in g  potency o f  
f i s h  meal Mo. 3 observed  in  Experiment 6 . The shank c o lo r  
sc o re  o f  group 6 , Table 21, which had re c e iv e d  th e  au to - 
cl&ved f i s h  meal Bo. 3 d i e t  was s ig n i f i c a n t ly  g r e a te r  than  
th a t  o f  group 1 , i t s  e o a tr o l .  This d if f e re n c e  was s t a t i s t i ­
c a l ly  s ig n i f ic a n t  beyond th e  one p e rce n t l e v e l .  The sample
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used  In  t h i s  experim ent was autoclaved fo r  e ig h t hours a t  
15 pounds o f  p ressu re. This tre a tm e n t d id  n o t com pletely  
d e s tro y  th e  pigm ent su p p ress in g  potency o f  f i s h  meal No. 3*
In  f a c t ,  th e  r e s u l t s  In d ic a te  th a t  th e  s ig h t  hour tre a tm e n t 
was n o t so com pletely  e f f e c t  lire a s  was th e  fo u r  hour t r e a t ­
m ent. In Experiment B, th e re  was no s ig n i f ic a n t  d if f e re n c e  
between th e  shank c o lo r  sco re  o f  th e  p o s i t iv e  c o n tro ls  and 
th a t  o f  the  group which had been fed  au to c lav ed  f i s h  m eal, 
b u t in  Experiment 10, th e  d if fe re n c e  i n  shank co lo r  sco re  
between th e  two com parable groups was s ig n i f ic a n t  beyond th e  
one p e rc e n t l e v e l .
In  Experiment 6, s u b je c tin g  th e  f i s h  s e a l  to  & tem pera­
tu r e  o f  76 d eg rees  c e n tig ra d e  fo r  a p e rio d  o f  hB h o u rs , d id  
n o t r e s u l t  in  a s ig n i f ic a n t  e f f e c t  on th e  shank c o lo r  sc o re .
th e  sample o f  meat and bone sc rap e  No. 1 used In  Experi­
ment B f a i l e d  to  supp ress th e  shank c o lo r  sco re  s ig n i f ic a n t ly ,  
th e re fo r e ,  i t  would n o t ba expected  th a t  e i th e r  th e  a u to -  
c la v ln g  o r  d ry -h e a t trea tm en t would r e s u l t  In  s ig n i f ic a n t  
e f f e c t  on th e  p ig m en t-su p p ress in g  p ro p e r ty  o f  t h i s  sam ple.
th e  two sam ples each o f  f i s h  meal and o f  meat by -p ro ­
d u c ts  used in  & perlm en t 10 s ig n i f i c a n t ly  suppressed  th e  
shank c o lo r  s c o re . However, au to c la v in g  was e f f e c t iv e  in  
red u c in g  th e  p ig m en t-su p p ress in g  potency  o f  on ly  one sam ple, 
f i s h  meal No. 3* th e  most p la u s ib le  ex p la n a tio n  fo r  t h i s  
observed  d if fe re n c e  i s  th a t  th e  c a u sa tiv e  f a c to r  o f  pigment- 
su p p ress io n  in  f i s h  meal No. 3 i s  d i f f e r e n t  fro® th a t  o f  
f i s h  meal Mo. U, meat sc rap s  Mo. and meat and bone sc ra p s
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Ho. 1. Had th e  r e s u l t s  o f  the  a u to s la v in g  o f the two sam ples 
o f  f i s h  meal been s im i la r ,  th e  r e l a t i v e l y  g r e a t  d if fe re n c e s  
in  the  raw m a te r ia l  th a t  goes in to  th e  m anufacture o f the 
f i s h  meal and meat b y -p ro d u c ts  could  r e a d i ly  account f o r  th e  
p resence  o f two o r  more c a u sa tiv e  f a c to r s .
T h is , o f  co u rse , was no t the tru e  s i t u a t i o n .  However, 
th e  ex p erim en ta l ev idence does su g g est th e  e x is te n c e  o f a 
h e a t - l a b i l e  and a h e a t - s ta b le  plgaent-suppressing f a c to r .
The f a c t  th a t  the h e a t - l a b i l e  f a c to r  i s  no t p re se n t In a l l  
sam ples could be due to  d if fe re n c e s  in  the  m anufacturing 
p ro c e s se s . I f  th e  raw m a te r ia l used in  the  m anufacture o f 
these  p ro d u cts  co n ta in ed  a h e a t - l a b i l e  and h e a t - s ta b le  p ig ­
m en t-su p p ressin g  f a c to r ,  then d if fe re n c e s  In  h e a t a p p lie d  
du rin g  the  d eh y d ra tin g  p rocess would a f f e c t  the  pigm ent- 
su p p ress in g  potency o f th e  end p ro d u c t. One m anufactu ring  
p ro cess  might w ell apply  s u f f i c i e n t  h e a t to  d e s tro y  the  h e a t-  
l a b i l e  f a c to r  w hile an o th e r  would f a i l  to  do so . In  th i s  
c a se , I t  would have to  be assumed th a t  f i s h  meal Ho. 3 had 
been m anufactured by a p ro cess  th a t  employed a com parative ly  
low tem p era tu re . The f a c t  th a t  a u to c la v ln g  o f th is  sample 
fo r  fo u r  h o u rs , Experim ent B, was as e f f e c t iv e  as a u to c la v ln g  
e ig h t h o u rs , Experim ent 10, in  d e s tro y in g  i t s  pigm ent- 
su p p ress in g  a b i l i t y  would in d ic a te  th a t  a p o r tio n  o f the  
p ig m en t-su p p ressin g  a b i l i t y  was r e l a t i v e l y  s ta b le  to  h e a t .
The e f f e c t  o f  h e a t trea tm en t on f i s h  meal Ho. 3 
im m ediately  su g g ests  the  p o s s i b i l i t y  o f d e s tru c t io n  o f  
x an th o p h y ll due to  th e  p resence o f an enzyme in  th i s  sam ple.
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However, the p o s s i b i l i t y  o f an enzyme escap in g  d e s tru c t io n  
during  th e  m anufactu ring  p ro cess  Is  rem ote. D euel, H a ll id a y , 
Hallm an, Johnston  and M ille r  (11) su g g ested  th a t  the  d ep res­
s io n  o f  m ilk and blood ca ro ten e  in  c a t t l e  as a r e s u l t  o f In ­
c reased  v itam in  A In ta k e  was p o ss ib ly  due to  development o f  
a new enzyme system  o r In c reased  a c t iv i t y  o f  an enzyme system  
a lre ad y  p re se n t th a t  was capable o f d e s tro y in g  c a ro te n e . As 
ev idence they c i te d  the r e l a t i v e l y  slow developm ent o f  the  
maximum e f f e c t  and the con tinued  m a n ife s ta tio n  o f th i s  e f f e c t  
a f t e r  h igh  v itam in  A feed in g  was d isc o n tin u e d . Deuel, 
H rubetz , M attson, Morehouse and R ichardson (13) suggested  
th a t  i f  the developm ent o f a new enzyme system  o r  In c reased  
a c c e le ra t io n  o f an enzyme system  a lread y  p re s e n t was respon ­
s ib le  fo r  the low ering  o f the ca ro ten e  c o n te n t o f the  m ilk 
and b lo o d , as re p o r te d  by Deuel, H a llid a y , Hallman, Jo h nston  
and M il le r  (1 1 ), then th is  enzyme system was no t s p e c i f ic  
fo r  c a ro te n e , b u t was a lso  capable o f d e s tro y in g  the xan tho- 
p h y l ls ,  as h igh  v itam in  A In tak e  e x e rte d  the  same e f f e c t  on 
the  x an th o p h y ll co n ten t o f egg y o lk , b lood serum and l i v e r  
o f  ch ick en s . I t  i s  r e i t e r a t e d  th a t  the r e s u l t s  re p o r te d  
h ere  could  no t be due to  v itam in  A, bu t i f  th e  e f f e c t  o f  
v itam in  A is  due to  the  e s tab lish m e n t of a new enzyme 
system  o r in c re a se d  a c c e le ra t io n  o f an a lre ad y  p re se n t one, 
th e  e f f e c t s  observed in  th e se  experim ents could  be due to  
th e  same p h y s io lo g ic a l mechanism, th e  r e s u l t s  o f th e se  
experim ents in d ic a te  no ex p lan a tio n  o f th e  mode of a c tio n  
o f  th e  p ig iaen t-su o p ress lo n . Too, the  p o s s i b i l i t y  o f
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d e s tru c t io n  o f  the x an th o p h y ll in  the  mixed r a t io n  cannot he 
ig n o red .
th e  r e s u l t s  o f th e se  experim ents could d e f in i t e ly  
e x p la in  th e  d i f f i c u l t y  encoun tered  in  p roducing  d e s ira b ly  
co lo red  yellow  shanks in  b r o i l e r s .  A dm ittedly  th e  p e rc e n t­
ages o f  the  anim al p r o te in  supplem ents used  in  th e  work 
re p o r te d  h e re in  i s  h ig h e r  than  th a t  g e n e ra lly  recommended 
fo r  p r a c t i c a l  mashes. However, i t  Is  no t uncommon to  en­
co u n te r  form ula f o r  s t a r t i n g  mashes w ith  recommended le v e ls  
o f f i s h  meal and meat sc rap s  amounting to  ten  p e rce n t o f the  
t o t a l  r a t io n .  Too, a t  l e a s t  one sample o f  soybean ©11 meal 
te s te d  suppressed  shank p igm en ta tion  and th e  t o t a l  p e rc e n t­
age o f  soybean o i l  m eal, f i s h  meal and meat sc rap s  in  most 
p r a c t i c a l  growing mashes i s  g r e a te r  than th a t  used in  th e se  
t e s t s .  In  view o f th i s  s i t u a t io n  i t  i s  h ig h ly  p robab le  th a t  
many o f th e  f a i lu r e s  o f p r a c t i c a l  s t a r t i n g  d ie t s  to  produce 
optimum p igm en ta tion  could  be ex p la in ed  by the  r e s u l t s  o f  
th e se  experim en ts . Too, the  v a r ia t io n  in  th e  pigm ent- 
su p p re ss in g  p ro p e rty  o f  d i f f e r e n t  samples o f th e  same brand 
o f feed stu ff®  se rv e s  as a  p o s s ib le  ex p lan a tio n  o f th e  v a r ia ­
t io n  in  p igm en ta tion  observed between d i f f e r e n t  l o t s  o f 
b r o i l e r s  fed  on d i f f e r e n t  lo t s  o f  feed  mixed from the  same 
form ula.
3UMMAKX
1 . Evidence i s  p re se n te d  th a t  d ie ta ry  f a c to r s ,  o th e r  
than  the  amount o f pigm ent in  th e  d i e t ,  a f f e c t s  the
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d e p o s itio n  o f  pigm ent in  th e  shank sk in  o f growing chicken*•
2. The p ig m en t-su p p ress in g  c a u sa tiv e  agen t was n o t 
e x tra c te d  by con tinuous ex tra © tlo a  fo r  kB hour* w ith  e th y l 
e th e r .  The re s id u e  o f e th e r  e x t ra c t io n  p o ssessed  pigm ent- 
su p p re ss in g  potency equal to  th a t  o f the  sample used f o r  
e x t r a c t io n .
3. th e  ex p erim en ta l r e s u l t s  in d ic a te  the  p resence o f 
a h e a t - l a b i l e  and a h e a t -s ta b le  pigm ent-suppressing f a c to r .  
The pigm ent-suppressing potency o f one sample o f  f i s h  meal 
was s ig n i f i c a n t ly  d ecreased  by au to e la v in g  a t  15 pounds o f 
p re s su re  fo r  fo u r o r  e ig h t  h o u rs . A utoelaving fo r  e ig h t 
hours was w ithou t e f f e c t  on the p ig m en t-su p p ressin g  potency 
o f  one sample o f f i s h  meal and two sam ples o f meat by­
p ro d u c ts  .
k m t h i r t y  sam ples o f  commonly used fe e d s tu ff*  were 
te s te d  fo r  t h e i r  p ig m en t-su p p ress in g  po tency . Twenty- 
fo u r  o f  th e se  sam ples s ig n i f i c a n t ly  low ered th e  shank c o lo r  
sc o re  and s ix  were w ith o u t e f f e c t  on th i s  e n t i t y .
5. The p ig m en t-su p p ress in g  c a u sa tiv e  ag en t i s  w idely  
d i s t r ib u t e d  in  anim al p ro te in  supplem ents. Ten sam ples o f  
p ro te in  supplem ents m anufactured from f i s h  by -p roduc ts  and 
15 m anufactured  from meat b y -p roduc ts  were te s te d  fo r  t h e i r  
pigm ent su p p ress in g  e f f e c t .  S ig h t o f th e  form er and 13 o f  
th e  l a t t e r  were p o s i t iv e .
6. fo u r  sam ples o f  fe e d s tu f f*  o f  p la n t  o r ig in  were 
t e s te d .  One sample o f  wheat f lo u r  m iddlings d id  n o t low er 
the  shank c o lo r  s c o re . Of those sam ples o f  soybean o i l  meal
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t e s te d ,  only one s ig n i f i c a n t ly  low ered the  shank c o lo r  sc o re .
7 . The p ig m en t-su p p ressin g  potency of d i f f e r e n t  samples 
o f the  same brand of a f e e d s tu f f  v a r ie d  among experiment®.
The r e s u l t s  o f th ese  experim ents In d ic a te  no ex p lan a tio n
fo r  th e se  observed d if fe re n c e s .  I t  i s  f e l t  th a t  th is  v a r ia ­
t io n  could  be o f  two so u rc e s . One, the d if fe re n c e s  in  the 
raw p ro d u c ts  used in  the m anufacture an d /o r d if fe re n c e s  in  
th e  m anufactu ring  p ro c e s s . The o th e r  p o s s i b i l i t y  i s  th a t  
d i f f e r e n t  components o f th e  v a rio u s  d ie ts  m ight in t e r f e r e  
w ith  the  p ig m en t-su p p ressin g  mechanism o f one f e e d s tu f f  and 
no t o f  an o th e r.
8 . The resu lt©  o f th e se  experim ents o f f e r  a p o s s ib le  
e x p lan a tio n  o f the  f a i l u r e  o f many r e l a t i v e l y  h ig h ly  p ig ­
mented d ie t s  to  produce optimum p igm en ta tion  o f the  shank 
sk in  in  b r o i le r s  and, a ls o , se rv e  as a b a s is  fo r  th e  ex p la ­
n a tio n  o f v a r ia t io n  in  p igm en ta tion  o f  th e  shank sk in  
observed  between d i f f e r e n t  l o t s  o f  b r o i le r s  which have been 
fed  d i f f e r e n t  lo t s  o f  feed  p rep a red  from the  same form ula.
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